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￿Sduwv ri wklv sdshu zhuh frpsohwhg zkloh wkh vhfrqg dxwkru ylvlwhg wkh Xqlyhuvlw| ri Shqqv|oydqld dqg kh
zlvkhv wr wkdqn wkh Ghsduwphqw ri Hfrqrplfv iru lwv krvslwdolw|1 Frpphqwv iurp vhplqdu sduwlflsdqwv dw wkh
Xqlyhuvlw| ri Shqqv|oydqld dqg Dqwrqhood Ldqql duh judwhixoo| dfnqrzohgjhg1 Wkh xvxdo glvfodlphu dssolhv1
|Fruuhvsrqglqj dxwkruDevwudfw
Zh vwxg| uhodwlyh sulfh ehkdylru lq dq lqwhuqdwlrqdo exvlqhvv f|foh prgho zlwk vshfldol}dwlrq lq
surgxfwlrq/ lq zklfk d jrrgv pdunhw iulfwlrq lv lqwurgxfhg wkurxjk wudqvsruw frvwv1 Wkh wudqvsruw
whfkqrorj| doorzv iru  h{leoh wudqvsruw frvwv1 Zh dqdo|}h zkhwkhu wklv h{whqvlrq fdq dffrxqw iru
wkh vwulnlqj glhuhqfhv ehwzhhq wkhru| dqg gdwd dv idu dv wkh prphqwv ri whupv ri wudgh dqg
uhdo h{fkdqjh udwhv duh frqfhuqhg1 Zh qg wkdw wudqvsruw frvwv lqfuhdvh erwk wkh yrodwlolw| ri
wkh whupv ri wudgh dqg wkh yrodwlolw| ri wkh uhdo h{fkdqjh udwh1 Krzhyhu/ xqohvv wkh wudqvsruw
whfkqrorj| lv vshflhg e| d Ohrqwlhi whfkqrorj|/ wudqvsruw frvwv gr qrw uhvroyh wkh txdqwlwdwlyh
glvfuhsdqflhv ehwzhhq wkhru| dqg gdwd1 D vxusulvlqj uhvxow lv wkdw wudqvsruw frvwv pd| dfwxdoo|
orzhu wkh shuvlvwhqfh ri wkh uhdo h{fkdqjh udwh/ d qglqj wkdw lv lq frqwudvw wr pxfk ri wkh hpskdvlv
ri wkh hpslulfdo olwhudwxuh1
MHO Fodvvlfdwlrqv= H65/ I64/ I741
Nh|zrugv= Lqwhuqdwlrqdo exvlqhvv f|fohv/ whupv ri wudgh/ uhdo h{fkdqjh udwhv/ wudqvsruw frvwv4 Lqwurgxfwlrq
Wklv sdshu frqvlghuv zkhwkhu iulfwlrqv lq wkh lqwhuqdwlrqdo wudgh ri jrrgv pljkw eh lpsruwdqw iru
xqghuvwdqglqj pryhphqwv lq lqwhuqdwlrqdo uhodwlyh sulfhv ryhu wkh exvlqhvv f|foh1 Lq sduwlfxodu/
zh dqdo|}h krz frvwv ri wudqvsruwdwlrq ehwzhhq frxqwulhv dhfw wkh yrodwlolw| dqg shuvlvwhqfh
ri wkh whupv ri wudgh dqg wkh uhdo h{fkdqjh udwh dv zhoo dv frpryhphqwv ri wkh whupv ri wudgh
zlwk rwkhu nh| yduldeohv1 Xqghuvwdqglqj wkh kljk yrodwlolw| dqg shuvlvwhqfh ri wkhvh wzr uhodwlyh
sulfhv lv dq lpsruwdqw lvvxh lq lqwhuqdwlrqdo exvlqhvv f|foh wkhru| dqg lqwhuqdwlrqdo qdqfh1 Lw lv
zhoo grfxphqwhg wkdw/ dw ohdvw lq wkh vkruw0uxq/ wkh odz ri rqh sulfh + wkh u khuhdiwhu, dqg
sxufkdvlqj srzhu sdulw| + khuhdiwhu, vhhp wr eh ylrodwhg +vhh h1j1 Jrogehuj dqg Nqhwwhu/
4<<9/ dqg Urjr/ 4<<:/ iru uhfhqw vxuyh|v ri wkh olwhudwxuh,1 D vwdqgdug uhihuhqfh iru h{sodlqlqj
vxfk ghyldwlrqv iurp wkh u dqg  lv wudqvsruw frvwv/ iru h{dpsoh Nuxjpdq dqg Revwihog
+4<<4, olvw wudqvsruw frvwv dv rqh ri wkuhh srwhqwldo h{sodqdwlrqv iru wkh qhjdwlyh hpslulfdo hylghqfh
rq devroxwh 41 Ixuwkhupruh/ wkhuh lv vrph hpslulfdo hylghqfh wkdw wudqvsruw frvwv h{sodlq
vrph ri wkh yduldwlrqv lq sulfhv dfurvv jhrjudsklfdo duhdv/ vhh h1j1 Hqjho dqg Urjhuv +4<<9,1
Zh lqwurgxfh wudqvsruw frvwv lqwr dq lqwhuqdwlrqdo exvlqhvv f|foh prgho dqg dqdo|}h wkh txdq0
wlwdwlyh lpsruwdqfh ri wklv iulfwlrq1 Zh gr qrw h{shfw wudqvsruw frvwv wr eh wkh rqo| h{sodqdwlrq
iru wkh revhuyhg yrodwlolwlhv lq uhodwlyh sulfhv/ exw zh vlpso| lqyhvwljdwh wkhlu srwhqwldo lq frq0
wulexwlqj wrzdugv wkh odujh dqg shuvlvwhqw  xfwxdwlrqv wkdq fdq eh revhuyhg lq uhodwlyh sulfhv1
Wkh dqdo|vlv lv d qdwxudo frqwlqxdwlrq ri rwkhu olqhv ri uhvhdufk lq lqwhuqdwlrqdo hfrqrplfv zkhuh
vxfk frvwv kdyh d surplqhqw uroh1 Iru h{dpsoh/ lq lqwhuqdwlrqdo wudgh wkhru|/ wudqvsruw frvwv duh
lpsruwdqw lq h{sodlqlqj erwk wkh vsdwldo sdwwhuq ri wudgh dqg wkh h{lvwhqfh qrq0wudghg jrrgv +vhh
iru h{dpsoh Revwihog dqg Urjr/ 4<<9/ fkdswhu 7,/ dqg lq wkh olwhudwxuh rq hfrqrplf jhrjudsk|/
wudqvsruw frvwv frqwulexwh wr wkh h{sodqdwlrq ri wkh vsdwldo orfdwlrq ri surgxfwlrq dfwlylwlhv +vhh
h1j1 Nuxjpdq dqg Yhqdeohv/ 4<<8/ ru Yhqdeohv/ 4<<9,1 Zh irfxv wkh dwwhqwlrq rq wkh uroh ri
wudqvsruwv frvwv lq dffrxqwlqj iru wkh sulfh sx}}oh dqg lq h{sodlqlqj wkh kljk yrodwlolw| dqg
shuvlvwhqfh ri uhdo h{fkdqjh udwhv1 Wkh sulfh sx}}oh lv wkh idfw kljkoljkwhg e| Edfnxv/ Nhkrh
dqg N|godqg +4<<7/ 4<<8, wkdw lqwhuqdwlrqdo exvlqhvv f|foh prghov fdq dffrxqw rqo| iru d iudfwlrq
ri wkh revhuyhg yduldelolw| lq wkh whupv ri wudgh1
Wkh sdshu vwxglhv d wzr0frxqwu| wzr0jrrg lqwhuqdwlrqdo exvlqhvv f|foh prgho lq zklfk lw lv
frvwo| wr wudqvihu frpprglwlhv ehwzhhq frxqwulhv1 Zh ghyldwh iurp wkh vwdqgdug dvvxpswlrq ri
lfhehuj frvwv +dffruglqj wr zklfk d iudfwlrq ri h{sruwv phowv gxulqj wudqvsruwv, dqg prgho
lqvwhdg wkh wudqvsruw vhfwru dv dq| rwkhu vhfwru ri wkh hfrqrp| wkdw surgxfhv rxwsxw zlwk dq
lqsxw ri idfwruv ri surgxfwlrq dqg lqwhuphgldwh jrrgv1 Wklv lv prwlydwhg e| wkh revhuydwlrq wkdw
wudqvsruw vhfwruv dffrxqw iru qrq0wulyldo vkduhv ri idfwru lqsxwv lq wkh RHFG1
Wudqvsruw frvwv dhfw whupv ri wudgh pryhphqwv wkurxjk wzr fkdqqhov1 Iluvw/ wudqvsruw frvwv
pdnh lpsruwv pruh frvwo|1 Vhfrqgo|/ vlqfh lpsruwv duh surgxfhg e| wkh wudqvsruw vhfwru/ wkh
gluhfw olqn ehwzhhq wkh whupv ri wudgh dqg wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq iruhljq dqg
grphvwlf jrrgv lv eurnhq1 Wkh uhdo h{fkdqjh udwh lv qrq0frqvwdqw lq wkh prgho iru wzr uhdvrqv1
4Devroxwh SSS uhihuv wr wkh htxdolw| ehwzhhq wkh ohyho ri wkh h{fkdqjh udwh dqg wkh udwlr ri wkh ohyhov ri
grphvwlf dqg iruhljq sulfh lqglfhv1 Uhodwlyh SSS uhihuv wr wkh htxdolw| ri wkh udwh ri ghsuhfldwlrq ri wkh fxuuhqf|
dqg wkh lq dwlrq gl￿huhqwldo1 Devroxwh SSS lpsolhv uhodwlyh SSS exw wkh rssrvlwh lv qrw wuxh1
5Iluvw/ frqvxpswlrq edvnhwv glhu dfurvv frxqwulhv1 Vhfrqgo|/ wkh h{lvwhqfh ri wudqvsruw frvwv
lpsolhv wkdw wkh u lv ylrodwhg1
Rxu qglqjv fdq eh vxppdul}hg dv iroorzv1 Iluvw/ wudqvsruw frvwv lqfuhdvh whupv ri wudgh
yduldelolw| exw wkh txdqwlwdwlyh hhfw lv vpdoo1 Lq wkh edvholqh sdudphwhul}dwlrq ri rxu prgho/ wkh
lqwurgxfwlrq ri wudqvsruw frvwv lqfuhdvhv wkh vwdqgdug ghyldwlrq ri wkh whupv ri wudgh e| 43053(1
Frpsduhg wr wkh gdwd wkh lpsuryhphqw lq wkh shuirupdqfh ri wkh prgho lv prghvw= wkh prgho
lpsolhv d vwdqgdug ghyldwlrq wkdw lv 708 wlphv orzhu wkdq lq wkh RHFG srvwzdu gdwd1 Zh qg d
vlplodu uhvxow dv idu dv wkh delolw| wr dffrxqw iru wkh yrodwlolw| ri wkh uhdo h{fkdqjh lv frqfhuqhg1
Wudqvsruw frvwv lqfuhdvh wkh vwdqgdug ghyldwlrq ri wkh uhdo h{fkdqjh udwh e| durxqg 53 shufhqw
exw wkh lpsolhg vwdqgdug ghyldwlrq lv vwloo dw ohdvw ; wlphv orzhu wkdq lq wkh gdwd1 Rqh vxusulvlqj
uhvxow lv wkdw wkh lqwhuqdwlrqdo exvlqhvv f|foh prgho zlwk iulfwlrqohvv wudgh lpsolhv d shuvlvwhqfh ri
wkh uhdo h{fkdqjh udwh wkdw lv lq wkh xsshu hqg ri wkh hpslulfdo hvwlpdwhv dqg wkdw wudqvsruw frvwv
dfwxdoo| orzhuv wkh shuvlvwhqfh ri wklv uhodwlyh sulfh1 Ilqdoo|/ zh vkrz wkdw plv0phdvxuhphqw ri
wkh sulfh ohyho gxh wr xvlqj {hg zhljkw lqgh{hv pd| dffrxqw iru dv odujh dq lqfuhdvh lq phdvxuhg
uhdo h{fkdqjh udwh yduldelolw| dv wkh lqwurgxfwlrq ri wudqvsruw frvwv1
Wkhuh lv rqh srwhqwldo zd| lq zklfk wkh h{lvwhqfh ri wudqvsruw frvwv pljkw ohdg wr vxevwdqwldoo|
odujhu hhfwv rq wkh whupv ri wudgh yrodwlolw| dqg uhdo h{fkdqjh udwh yrodwlolw|1 Zkhq zh vshfli|
wkh wudqvsruw vhfwru surgxfwlrq whfkqrorj| e| d ixqfwlrq wkdw lv doprvw htxlydohqw wr d Ohrqwlhi
surgxfwlrq ixqfwlrq zh qg wkdw wkh vwdqgdug ghyldwlrq ri wkh whupv ri wudgh lqfuhdvhv wr 419
shufhqw dqg wkh vwdqgdug ghyldwlrq ri wkh uhdo h{fkdqjh udwh lqfuhdvhv wr 417 shufhqw1 Wkhvh
qxpehuv duh uhodwlyho| forvh wr wkh hpslulfdo hvwlpdwhv1 Wkh lqfuhdvhg yrodwlolw| ri wkh uhodwlyh
sulfhv lv gxh wr pxfk odujhu lpsolhg yrodwlolw| ri wudqvsruw frvwv1 Wklv fdvh/ krzhyhu/ vxhuv iurp
pxfk wrr kljk yduldelolw| ri wudqvsruw vhfwru ydoxh dgghg1
Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh eulh | uhylhz wkh hpslulfdo
uhjxodulwlhv ri whupv ri wudgh dqg uhdo h{fkdqjh udwh pryhphqwv1 Wkh prgho dqg lwv fdoleudwlrq
lv suhvhqwhg lq Vhfwlrq 61 Vhfwlrq 7 h{dplqhv wkh lpsolfdwlrqv iru wkh ehkdylru ri wkh whupv ri
wudgh1 Vhfwlrq 8 orrnv lqwr wkh lpsolhg uhdo h{fkdqjh udwh g|qdplfv1 Ilqdoo|/ zh vxppdul}h dqg
frqfoxgh lq Vhfwlrq 91
5 Hpslulfdo Uhjxodulwlhv
Lq wklv vhfwlrq zh eulh | uhylhz wkh pdlq hpslulfdo uhjxodulwlhv wkdw zh zdqw wr dgguhvv1 Wdeoh
4 uhsruwv vrph vxppdu| vwdwlvwlfv ri wkh whupv ri wudgh dqg uhdo h{fkdqjh udwh pryhphqwv iru <
pdmru RHFG frxqwulhv1 Wkh wdeoh lv edvhg rq txduwhuo| gdwd iru wkh shulrg 4<:304<<5 wdnhq iurp
wkh RHFG qdwlrqdo dffrxqwv1 Doo gdwd h{fhsw qrplqdo h{fkdqjh udwhv zhuh vhdvrqdoo| dgmxvwhg
iurp wkh vrxufh1 Wkh gdwd zhuh ghwuhqghg xvlqj wkh Krgulfn0Suhvfrww owhu1
Wkh uvw sduw ri wkh wdeoh vxppdul}hv wkh yduldelolw| ri wkh whupv ri wudgh +phdvxuhg e| wkh
lpsolflw lpsruw sulfh gh dwru glylghg e| wkh lpsolflw h{sruw sulfh gh dwru,/ rxwsxw +phdvxuhg
e| uhdo C(,d q gq h w 0 h { s r u w vg h  q h gd vq r p l q d oh { s r u w vo h v vq r p l q d ol p s r u w vd vdi u d f w l r qr i
qrplqdo C(1 Dv Edfnxv/ Nhkrh dqg N|godqg +4<<7/4<<8, zh qg wkdw wkh vwdqgdug ghyldwlrq ri
wkh whupv ri wudgh h{fhhgv wkh vwdqgdug ghyldwlrq ri rxwsxw lq doo frxqwulhv1 W|slfdoo| wkh vwdqgdug
6ghyldwlrq ri wkh whupv ri wudgh lv durxqg 6 shufhqw shu txduwhu exw wklv qxpehu ydulhv vrphzkdw
dfurvv frxqwulhv1 Wkh pdlq rxwolhuv duh Dxvwudold dqg Mdsdq zkhuh wkh vwdqgdug ghyldwlrqv h{fhhg
9 shufhqw1 Dv d iudfwlrq ri wkh vwdqgdug ghyldwlrq ri rxwsxw wkhuh lv hyhq juhdwhu yduldwlrq exw
d qxpehu ri frxqwulhv foxvwhu durxqg 41:041;1 Wkh vwdqgdug ghyldwlrq ri qhw0h{sruwv lv w|slfdoo|
durxqg 4 shufhqw zlwk wkh XV ehlqj wkh pdlq rxwolhu1 Ioxfwxdwlrqv lq wkh whupv ri wudgh duh
shuvlvwhqw lq doo frxqwulhv zlwk uvw0rughu dxwrfruuhodwlrqv ehwzhhq 31:8 dqg 31;<1
Qhw0h{sruwv dqg wkh whupv ri wudgh duh w|slfdoo| qhjdwlyho| fruuhodwhg frqwhpsrudqhrxvo|1 Zh
qg d qhjdwlyh fruuhodwlrq iru vhyhq rxw ri wkh qlqh frxqwulhv +Fdqdgd dqg wkh XV duh wkh wzr
h{fhswlrqv wr wkh uxoh, dqg lq Iudqfh/ Lwdo|/ Mdsdq/ Vzlw}huodqg/ dqg wkh XN wklv fruuhodwlrq lv
vxevwdqwldo dqg durxqg 03183 wr 031931 Wkhuh lv ohvv furvv0frxqwu| frqvlvwhqf| lq wkh uhodwlrqvkls
ehwzhhq wkh whupv ri wudgh dqg rxwsxw1 Lq Fdqdgd dqg Vzlw}huodqg rxwsxw dqg wkh whupv wudgh
duh srvlwlyho| fruuhodwhg zlwk fruuhodwlrq frh!flhqwv durxqg 3173 zkloh lq wkh uhpdlqlqj frxqwulhv
wkh fruuhodwlrqv duh hlwkhu vpdoo ru qhjdwlyh1 Wkh odujhvw qhjdwlyh fruuhodwlrq lv revhuyhg iru Mdsdq
+03154,1
Qh{w zh orrn dw wkh uhdo h{fkdqjh udwh1 Wkhuh lv dq h{whqvlyh olwhudwxuh rq hpslulfdo whvwv
ri u dqg / vhh h1j1 Lvdug +4<::,/ Nudylv dqg Olsvh| +4<:;, ru wkh h{fhoohqw vxuyh|v e|
Iurrw dqg Urjr +4<<6, dqg Urjr +4<<:, iru hylghqfh rq / dqg Jrogehuj dqg Nqhwwhu
+4<<9, iru dq h{fhoohqw vxuyh| rq wkh hylghqfh rq u1 Prvw ri wkh olwhudwxuh djuhh wkdw wkhvh
wzr sulqflsohv duh ylrodwhg lq wkh vkruw0uxq zkhuhdv wkh rslqlrqv derxw orqj0uxq ghyldwlrqv duh
pruh pl{hg1 Iru h{dpsoh/ Ghyhuhx{ +4<<:, frqfoxghv wkdw wkh hylghqfh lv lq idyru ri orqj0uxq
 zkloh Fhjorzvnl +4<<7, frqfoxghv wkdw wkh u lv ylrodwhg hyhq lq wkh orqj0uxq +zklfk lv
lqfrqvlvwhqw zlwk orqj0uxq , 51
Khuh zh frqfhqwudwh rq wkh exvlqhvv f|foh yduldwlrqv dqg shuvlvwhqfh ri wkh  xfwxdwlrqv lq wkh
uhdo h{fkdqjh udwh1 Wkh odvw irxu urzv ri Wdeoh 5 vxppdul}h wkh yduldelolw| dqg shuvlvwhqfh ri uhdo
h{fkdqjh udwh pryhphqwv1 Wkh uhdo h{fkdqjh udwh R￿ lv ghqhg djdlqvw wkh XV dqg zh frpsxwh
lw iurp R￿ ' ef*L7m 
 L7* f
zkhuh ef*L7m lv wkh qrplqdo h{fkdqjh udwh ri wkh fxuuhqf| ri
frxqwu| f djdlqvw wkh XV groodu dqg ~ lv wkh lpsolflw frqvxpswlrq gh dwru ri frxqwu| ~1W k h
uhdo h{fkdqjh udwh R2 lv ghqhg htxlydohqwo| exw xvlqj Jhupdq| dv wkh uhihuhqfh frxqwu|1
Zh qg odujh yduldwlrqv lq uhdo h{fkdqjh udwhv iru doo frxqwulhv lq wkh vdpsoh1 Zkhq ghqhg
djdlqvw wkh XV wkh w|slfdo vwdqgdug ghyldwlrq ri wkh uhdo h{fkdqjh udwh lv forvh wr ;( shu txduwhu
zkloh lw vhhpv voljkwo| orzhu zkhq ghqhg djdlqvw wkh Jhupdq Pdun1 Lw vhhpv wkdw wkh surshuwlhv
ghshqg rq wkh uhihuhqfh frxqwu| vlqfh wkh vwdqgdug ghyldwlrq ri R2 lv orzhu iru doo Hxurshdq
frxqwulhv wkdq wkh vwdqgdug ghyldwlrq ri R￿ zkloh wkh rssrvlwh lv wuxh iru Fdqdgd dqg Dxvwudold1
Wklv pljkw lqglfdwh wkdw wkh qrplqdo h{fkdqjh udwh uhjlph lq xhqfhv wkh uhdo h{fkdqjh udwh
pryhphqwv vlqfh pdq| ri wkh Hxurshdq frxqwulhv kdyh hlwkhu ehhq phpehuv ri wkh H{fkdqjh
Udwh Phfkdqlvp ru kdyh shjjhg wkh Ghxwfkpdun iru d vxevwdqwldo sduw ri wkh vdpsoh shulrg1
Wkh hhfwv ri h{fkdqjh udwh uhjlphv rq uhdo h{fkdqjh udwh pryhphqwv lv zhoo0grfxphqwhg lq wkh
olwhudwxuh/ vhh iru h{dpsoh Jhqvehuj +4<:;,/ Iuhqnho +4<;4, ru Fxpe| dqg Revwihog +4<;7,1
Dqrwkhu dvshfw ri wkhvh pryhphqwv lv wkdw uhdo h{fkdqjh udwh pryhphqwv whqg wr eh yhu|
5Wkhuh duh dovr sursrqhqwv ri SSS dv d yhu| vxffhixo wkhru| ri h{kdqjh udwh ghwhuplqdwlrq hyhq dw kljkhu
iuhtxhqf| yduldwlrqv/ vhh h1j1 PfForvnh| dqg ]hfkhu +4<;7, iru dq lqwhusuhwdwlrq ri wkh Fodvvlfdo Jrog Vwdqgdug
gdwd1
7shuvlvwhqw61 Zkhq ghqhg djdlqvw wkh XV groodu zh qg d w|slfdo uvw0rughu dxwrfruuhodwlrq
ehwzhhq 31:3 dqg 31;31 Wklv qxpehu lv orzhu iru wkh Hxurshdq frxqwulhv zkhq Jhupdq| lv xvhg
dv wkh uhihuhqfh frxqwu| exw zlwk wkh h{fhswlrq ri Lwdo| lw lv vwloo deryh 319 iru doo frxqwulhv1
Wkxv/ lq vxppdu|/ lq wkh gdwd wkhuh lv vxevwdqwldo yduldelolw| lq wkh whupv ri wudgh1 Whupv
ri wudgh pryhphqwv duh shuvlvwhqw dqg whupv ri wudgh duh qhjdwlyho| uhodwhg zlwk qhw0h{sruwv iru
prvw frxqwulhv1 Uhdo h{fkdqjh udwhv duh yhu| yrodwloh dqg wkh| vkrz frqvlghudeoh shuvlvwhqfh1
6W k h P r g h o H f r q r p |
Lq wklv vhfwlrq zh irupxodwh dq lqwhuqdwlrqdo exvlqhvv f|foh prgho zlwk wudqvsruw frvwv1 Lq rughu
wr pdnh wkh uhvxowv frpsdudeoh wr wkrvh rewdlqhg hduolhu lq wkh olwhudwxuh/ zh nhhs wkh edvlf prgho
dv forvh dv srvvleoh wkh Edfnxv/ Nhkrh dqg N|godqg +4<<7, wzr0frxqwu| wzr0jrrg lqwhuqdwlrqdo
exvlqhvv f|foh prgho1
Wkh zruog frqvlvwv ri wzr frxqwulhv lqgh{hg e| wkh vxevfulsw  ' c2 1 Hdfk frxqwu| lv lqkde0
lwhg e| d odujh qxpehu ri lghqwlfdo/ lqqlwho| olyhg krxvhkrogv zkr pd{lpl}h h{shfwhg suhvhqw
glvfrxqwhg xwlolw|1 Doo djhqwv ehkdyh frpshwlwlyho| dqg dvvhw pdunhwv duh frpsohwh1 Djhqwv lq
hdfk frxqwu| duh uhsuhvhqwhg e| d vlqjoh uhsuhvhqwdwlyh vwdqg0lq djhqw1 Lq dgglwlrq wr krxvhkrogv
wkhuh lv dovr d jryhuqphqw lq hdfk frxqwu|1 Jryhuqphqwv duh dvvxphg wr sxufkdvh jrrgv dqg
qdqfh vshqglqj e| oxps0vxp wd{dwlrq1 Wkh wzr frxqwulhv duh vshfldol}hg lq wkh surgxfwlrq ri
d vlqjoh rxwsxw jrrg wkdw fdq eh wudghg lqwhuqdwlrqdoo|1 Ilqdo jrrgv/ zklfk duh qrw wudghg/ duh
surgxfhg e| frpelqlqj wkh grphvwlf jrrg zlwk wkh lpsruwhg jrrg1
















zkhuh .r lv wkh pdwkhpdwlfdo h{shfwdwlrqv rshudwru frqglwlrqdo rq lqirupdwlrq dydlodeoh dw gdwh
r  |> S￿| lv wkh frqvxpswlrq ri jrrgv ri wkh uhsuhvhqwdwlyh krxvhkrog lq frxqwu|  dw gdwh | dqg
u￿| lv wkh frqvxpswlrq ri ohlvxuh> w 5 df(o lv d vkduh sdudphwhu/ dqg j:flv wkh lqyhuvh ri wkh
lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq1





















lv wkh lqsxw ri fdslwdo +uhvshfwlyho| oderu, lq wkh rxwsxw vhfwru1 k 5
Efc lv wkh oderu vkduh lq wkh surgxfwlrq ri rxwsxw jrrgv1
Rxwsxw jrrgv fdq eh xvhg dv dq lqsxw wr grphvwlf surgxfwlrq ri qdo jrrgv ru wkh| fdq eh
h{sruwhg1 Wkh uhvrxufh frqvwudlqwv duh jlyhq e|=
6Vlqfh wkh prphqwv uhihu wr Krgulfn0Suhvfrww ￿owhuhg gdwd wkh| duh xqlqirupdwlyh derxw wkh h{lvwhqfh ri xqlw
urrwv lq wkh uhdo h{fkdqjh udwhv1 Wkh Krgulfn0Suhvfrww ￿owhu zloo uhqghu vwdwlrqdu| dq| vhulhv wkdw lv lqwhjudwhg xs
wr rughu 71
8+￿| ' _￿| n%￿| +6,
zkhuh _￿| lv wkh grphvwlf xvh ri grphvwlf jrrgv dqg %￿| lv grphvwlf h{sruwv1
Wkh surgxfwlrq ri qdo jrrgv lv vshflhg e| d krprjhqhrxv FHV surgxfwlrq ixqfwlrq nqrzq










zkhuh T￿| lv wkh rxwsxw ri qdo jrrgv/ dqg 6￿| ghqrwhv wkh lqsxw ri lpsruwhg jrrgv1 /￿ dqg /2
duh vkduh sdudphwhuv +lqglfdwlqj wdvwh iru krphjrrgv,/ dqg *4 lv wkh hodvwlflw| ri vxevwlwxwlrq
ehwzhhq grphvwlf jrrgv dqg lpsruwv1
Wkh uhvrxufh frqvwudlqw iru wkh qdo jrrgv lv jlyhq e|=









zkhuh }￿| lv jryhuqphqw vshqglqj lq frxqwu|  dw gdwh |/ 
+
￿| lv lqyhvwphqw lq fdslwdo xvhg lq wkh
rxwsxw vhfwru/ 
S+
￿| lv wkh fdslwdo dgmxvwphqw frvw dvvrfldwhg zlwk dffxpxodwlrq ri fdslwdo xvhg lq
wkh rxwsxw vhfwru/ dqg |o
￿| dqg S|o
￿| duh wkh lqyhvwphqw yduldeohv iru wkh wudqvsruw vhfwru1 Fdslwdo
dgmxvwphqw frvwv duh lqwurgxfhg khuh lq rughu wr olplw fdslwdo  rzv ehwzhhq wkh wzr vhfwruv zlwklq
hdfk frxqwu|71
Lw lv vwdqgdug wr dvvxph wkdw wudgh lq jrrgv lv iulfwlrqohvv/ vhh h1j1 Edfnxv/ Nhkrh dqg N|godqg
+4<<7/ 4<<8,/ Duylqlwlv dqg Plnnrod +4<<9,/ dqg Udyq +4<<:,1 Zh ghyldwh iurp wklv dqg lqwurgxfh
wudqvsruw frvwv lq lqwhuqdwlrqdo wudgh1 Edfnxv/ Nhkrh dqg N|godqg +4<<5, lqwurgxfhg lfhehuj
wudqvsruw frvwv +wudqvsruw frvwv uhodwhg rqo| wr wkh dprxqw ri jrrgv wudghg ehwzhhq frxqwulhv,
lq rughu wr lqyhvwljdwh wkh lpsruwdqfh ri vxfk frvwv iru wkh lqwhuqdwlrqdo wudqvplvvlrq ri exvlqhvv
f|fohv81 Fuxflql +4<<:,/ zkr dovr orrnv dw wkh lqwhuqdwlrqdo wudqvplvvlrq phfkdqlvp/ dvvxphv
lqvwhdg wkdw wkh wudqvsruw vhfwru uhtxluhv d {hg lqsxw ri oderu shu xqlw ri lpsruwv +l1h1 wkh
wudqvsruw vhfwru lv vshflhg e| d Ohrqwlhi whfkqrorj|,1 Zh doorz iru d pruh jhqhudo wudqvsruw
whfkqrorj| dqg dvvxph wkdw lpsruwv lqwr d frxqwu| duh surgxfhg e| frpelqlqj h{sruwv iurp rwkhu
frxqwulhv zlwk grphvwlf idfwru lqsxwv1 Zh dovr dvvxph wkdw wkh wudqvsruw whfkqrorj| kdv frqvwdqw
uhwxuqv wr vfdoh wr doo lqsxwv mrlqwo|1
Wkh wudqvsruw vhfwru lv vshflhg e| d FHV surgxfwlrq ixqfwlrq lq iruhljq h{sruwv dqg d Free0















c 9 '  +9,
zkhuh %￿| ghqrwhv iruhljq h{sruwv1 &|o
￿| dqg ?|o
￿| duh wkh lqsxwv ri fdslwdo dqg oderu lq wkh wudqvsruw
vhfwru lq frxqwu|  dw gdwh |1 Z￿/ Z2  f duh vkduh sdudphwhuv lq wkh wudqvsruw whfkqrorj|/  5 dfco
7Lw lv frpprq wr lqwurgxfh fdslwdo dgmxvwphqw frvwv lqwr wzr0frxqwu| vlqjoh0jrrgv prghov lq rughu wr olplw
lqyhvwphqw yduldelolw| dqg lq rughu wr hqvxuh wkh h{lvwhqfh ri d vdggoh0sdwk vroxwlrq1 Zh lqfoxgh wkhvh frvwv lq
rughu wr dgguhvv wkh vdph sureohp ri fdslwdo prelolw| ehwzhhq wkh wzr vhfwruv zlwklq wkh vdph frxqwu|1
8Wkh| vshfl￿hg wkh lfhehuj frvwv wr eh txdgudwlf lq wkh dprxqw ri jrrg wudghg lqwhuqdwlrqdoo|1
9lv wkh oderu vkduh lq wkh Free0Grxjodv frpsrvlwh/ dqg *>  f lv wkh hodvwlflw| ri vxevwlwxwlrq
ehwzhhq iruhljq h{sruwv dqg wkh Free0Grxjodv frpsrvlwh1
Wklv vshflfdwlrq hqfrpsdvvhv dv vshfldo fdvhv/ wkh vwdqgdug prgho zlwk qr wudqvsruw frvwv
iru Z￿ 'dqg Z2 'f / dqg wkh lfhehuj prgho zlwk olqhdu wudqvsruw frvwv iru Z￿ 	  dqg Z2 'f 1
Iru *> $4wkh vshflfdwlrq lpsolhv wkdw lpsruwv fdq eh surgxfhg zlwkrxw lqsxwv ri iruhljq
h{sruwv/ d fdvh wkdw lv fohduo| xquhdolvwlf1 Lq wkh rwkhu h{wuhph fdvh/ *> $ f/ wkh surgxfwlrq
ixqfwlrq grhv qrw doorz iru vxevwlwxwlrq ehwzhhq iruhljq h{sruwv dqg grphvwlf idfwru lqsxwv exw
dv orqj dv  9' ifcj wkh lpsruw vhfwru fdq vwloo vxevwlwxwh ehwzhhq oderu dqg fdslwdo1
Fdslwdo dffxpxodwlrq lv jlyhq e|=
&
+












zkhuh B+/ B|o 5 dfco ghqrwh wkh udwhv ri ghsuhfldwlrq ri wkh wzr fdslwdo vwrfnv1 Fdslwdo dgmxvwphqw


















































￿|  A +44,
zkhuh A lv wkh hqgrzphqw ri wlph1 Ilqdoo|/ lw lv dvvxphg wkdw jryhuqphqw h{shqglwxuhv duh
qdqfhg e| oxps0vxp wd{dwlrq1
Htxloleulxp uhodwlyh sulfhv lq wklv hfrqrp| fdq eh ghulyhg dv iroorzv1 Iluvw zh qg wudqvsruw
frvwv1 Wudqvsruw frvwv fdq eh phdvxuhg e| wkh sulfh ri wkh lpsruwv surgxfhg e| wkh wudqvsruw
vhfwru uhodwlyh wr wkh sulfh ri jrrgv sxufkdvhg deurdg +iruhljq h{sruwv,/ dqg zh ghqrwh wklv udwlr
e| R6
￿|*R%
￿|1 Wklv uhodwlyh sulfh fdq eh ghulyhg iurp wkh frvw ixqfwlrq ri wkh wudqvsruw vhfwru1 Xvlqj













































l >z m>um, duh wkh idfwru sulfhv dw zklfk wkh lpsruw vhfwru kluhv iruhljq h{sruwv/
dqg grphvwlf oderu dqg fdslwdo1
:Wklv uhodwlrqvkls jlyhv xv wkh sulfh ri grphvwlf lpsruwv uhodwlyh wr iruhljq h{sruwv1 Qrwlfh
wkdw wudqvsruw frvwv duh qrq0frqvwdqw dv orqj dv Z2*Z￿ 9'fdqg wkdw e R 'iru Z￿ 'dqg Z2 'f
+l1h1 wkh fdvh ri qr wudqvsruw frvwv,1
Qh{w/ wkh uhodwlyh sulfh ri grphvwlf lpsruwv wr grphvwlf h{sruwv fdq eh frpsxwhg iurp
wkh pdujlqdo udwh ri wudqvirupdwlrq ehwzhhq _￿| dqg 6￿| lq wkh Duplqjwrq djjuhjdwru/ vlqfh














Zh fdq qrz ghulyh wkh whupv ri wudgh1 Wkh uhodwlyh sulfh ri wkh jrrg sxufkdvhg deurdg wr wkh



















Wklv pdnhv lw fohdu wkdw wudqvsruw frvwv dhfw wkh whupv ri wudgh wkurxjk wzr edvlf fkdqqhov1
Iluvw/ wudqvsruw frvwv hqwhu gluhfwo| lqwr wkh ghwhuplqdwlrq ri wkh whupv ri wudgh wkurxjk yduldwlrqv
lq e R1 Exw/ rq wrs ri wklv/ wudqvsruw frvwv dovr dhfw wkh htxloleulxp txdqwlwlhv ri _￿| dqg 6￿| dqg
wkxv h R￿|1 Lw lv dovr lpsruwdqw wr qrwlfh wkdw wkh gluhfw olqn ehwzhhq wkh pdujlqdo udwh ri vxevwlwxwlrq
ehwzhhq grphvwlf dqg iruhljq jrrgv/ zklfk zrxog ghwhuplqh wkh whupv ri wudgh lq wkh devhqfh ri
iulfwlrqv/ dqg wkh whupv ri wudgh lv eurnhq lq wklv prgho gxh wr wkh h{lvwhqfh ri wkh wudqvsruw vhfwru1
Lq sduwlfxodu/ zkhq wkhuh duh qr wudqvsruw frvwv zh kdyh wkdw R￿| lv jlyhq e| E/2*/￿E_ ￿|*%￿|
4 l1h1
e| wkh pdujlqdo udwh ri wudqvirupdwlrq ehwzhhq grphvwlf dqg iruhljq jrrgv/ exw gxh wr wudqvsruw
frvwv wklv uhodwlrqvkls qr orqjhu krogv lq wkh suhvhqw prgho1 Wklv odwwhu revhuydwlrq zloo wxuq rxw
wr eh lpsruwdqw1
Djjuhjdwh rxwsxw lv phdvxuhg e| wkh vxp ri wkh ydoxh dgghg lq wkh wudqvsruw vhfwru dqg wkh
ydoxh dgghg lq wkh rxwsxw vhfwru dw {hg edvh |hdu uhodwlyh sulfhv1 Xvlqj wkh rxwsxw jrrgv dv wkh
qxphudluh/ zh ghqh djjuhjdwh rxwsxw lq {hg sulfhv/ +￿/e | =
+
￿








zkhuh wkh devhqfh ri wlph0lqglfhv lqglfdwhv wkdw wkh uhodwlyh sulfh lv hydoxdwhg dw wkh vwhdg|0vwdwh1
Vlploduo|/ djjuhjdwh rxwsxw lq fxuuhqw sulfhv/ t ￿/l vj l y h qe | =
t
￿
























Ilqdoo|/ qhw0h{sruwv duh ghqhg e| grphvwlf h{sruwv ohvv jrrgv sxufkdvhg deurdg dv d shufhqw0
djh ri grphvwlf rxwsxw/ doo phdvxuhg lq whupv ri wkh fxuuhqw sulfh ri wkh grphvwlf jrrg=
:Wkh whupv ri wudgh fdq dovr eh frpsxwhg iurp wkh pdujlqdo udwh ri vxevwlwxwlrq gluhfwo| dv sw @










1 Wklv h{suhvvlrq lv lghqwlfdo wr






Wklv frpsohwhv wkh ghvfulswlrq ri wkh prgho hfrqrp|1 Zh qrz pryh rq wr txdqwli|lqj wkh
prgho1 Wklv uhtxluhv fdoleudwlqj wkh prgho sdudphwhuv1
614 Fdoleudwlrq
Wkh prgho lv fdoleudwlqj xvlqj vwdqgdug sdudphwhu ydoxhv zkhqhyhu srvvleoh1 Wkh ghwdlov ri
wkh ghulydwlrq ri wkh vwhdg|0vwdwh frqglwlrqv duh jlyhq lq wkh dsshqgl{1 Zh pdnh d qxpehu ri
vlpsoli|lqj dvvxpswlrqv1 Iluvw/ zh dvvxph wkdw wkh wzr hfrqrplhv kdyh lghqwlfdo vwhdg| vwdwhv1
Vhfrqgo|/ zh pdnh irxu qrupdol}dwlrqv= +d, wkhuh duh qr fdslwdo dgmxvwphqw frvwv dorqj wkh vwhdg|
vwdwh sdwk> +e, wkh vwhdg| vwdwh ohyho ri surgxfwlrq ri rxwsxw jrrgv/ +/ lv htxdo wr wkh vwhdg| vwdwh
surgxfwlrq ri qdo jrrgv/ T > +f, vwhdg| vwdwh lpsruwv/ 6/ htxdo vwhdg|0vwdwh h{sruwv/ %>+ g ,z h
qrupdol}h wkh wlph hqgrzphqw/ A/w rr q h 1
Wkh glvfrxqw idfwru/ q/ lv fkrvhq vxfk wkdw lw lv frqvlvwhqw zlwk d 7( dqqxdo uhdo lqwhuhvw udwh1
Zh xvh wkh vwdqgdug ydoxh ri 5 iru j/ wkh lqyhuvh ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq1
Djhqwv duh dvvxphg wr xvh 63( ri wkhlu wlph hqgrzphqw rq pdunhw dfwlylwlhv dqg zh vhw wkh
jryhuqphqw vshqglqj vkduh htxdo wr 53(1 Qh{w/ zh dvvxph wkdw wkh vwhdg|0vwdwh vkduh ri lpsruwv
lv htxdo wr 53(/ d ydoxh forvh wr wkh RHFG dyhudjh lpsruw vkduh1 Zh vhw wkh oderu vkduh lq wkh
rxwsxw vhfwru/ k/ htxdo wr wkh vwdqgdug hvwlpdwh ri 97( xvhg e| Edfnxv/ Nhkrh dqg N|godqg dqg
zh vhw wkh wzr ghsuhfldwlrq udwhv htxdo wr wkh vwdqgdug ydoxh ri 518( shu txduwhu1 Wkh hodvwlflw|
ri vxevwlwxwlrq ehwzhhq grphvwlf dqg iruhljq jrrgv lq wkh Duplqjwrq djjuhjdwru +7,/ lv vhw htxdo
wr 418 dv lq Edfnxv/ Nhkrh dqg N|godqg +4<<7,1
Jlyhq wkh lpsruw vkduh/ zh fdoleudwh Z￿ +wkh vkduh sdudphwhu lq wkh wudqvsruw vhfwru surgxfwlrq





zkhuh r lv wkh vwhdg|0vwdwh lpsruw vkduh1 Wklv uhodwlrqvkls ghshqgv rq wkh udwlr ri krxuv
zrunhg lq wkh wzr vhfwruv1 Wdeoh 4 olvwv vrph vxppdu| vwdwlvwlfv iru wudqvsruw vhfwru yduldeohv
edvhg rq gdwd iurp wkh RHFG Lqwhuvhfwruldo Gdwdedvh +LVGE,1 Wudqvsruw vhfwru hpsor|phqw
dffrxqwv rq dyhudjh iru 91;( ri wrwdo hpsor|phqw +l1h1 ?|o*?+ '.  I,1 Wklv fdofxodwlrq/ krzhyhu/
ryhuhvwlpdwhv wkh wudqvsruw vhfwru hpsor|phqw lq whupv ri rxu prgho vlqfh wkh LVGE fodvvlfdwlrq
lqfoxghv qrw rqo| lqwhuqdwlrqdo wudqvsruwv exw dovr qdwlrqdo wudqvsruwv dqg frppxqlfdwlrq dqg
vwrudjh1 Zh xvh wkh ydoxh ri :16( iru ?|o*?+ e x wn h h sl qp l q gw k d ww k l vl vd qx s s h uh v w l p d w h 1Z h
zloo dovr vkrz lq Vhfwlrq 715 wkdw wkh uhvxowv duh qrw wrr vhqvlwlyh wr wkh h{dfw ydoxh xvhg1
Wkh vwhdg| vwdwh udwlr ri fdslwdo hpsor|hg lq wkh rxwsxw vhfwru wr vwhdg| vwdwh rxwsxw dqg wkh

















E  Z￿ +4<,
Iurp Wdeoh 4 rqh qrwlfhv wkdw wkh wudqvsruw vhfwru lv qrwlfhdeo| pruh fdslwdo lqwhqvlyh wkdq
wkh uhvw ri wkh hfrqrp| lq prvw ri wkh frxqwulhv> rq wkh dyhudjh/ wkh fdslwdo rxwsxw udwlr lv 63(
kljkhu lq wkh wudqvsruw vhfwru wkdq iru wkh hfrqrp| dv d zkroh1 Dv d shufhqwdjh ri wkh wrwdo fdslwdo
vwrfn/ wkh wudqvsruw vhfwru dffrxqwv iru <19( +&|o*&+ ' f  SI,1 Krzhyhu/ Qruzd| lv dq rxwolhu dqg
zkhq h{foxglqj wklv frxqwu| wkh wudqvsruw vhfwru hpsor|v dssur{lpdwho| <( ri wkh fdslwdo vwrfn
+&|o*&+ 'b  bI,1 Zh fkrrvh  +wkh oderu vkduh lq wudqvsruwv, vxfk dv wr lpso| wkdw &|o*&+ 'f  fbb
Jlyhq wklv zh jhw Z￿/ /￿/ /2/d q g& + *+1 Wkh fdoleudwlrq lpsolhv wkdw EcZ￿c/￿c/ 2c&+*+'
EfD.cf.fbcf.bScfeeScbDf.1 Lw wkhq iroorzv wkdw Er￿+cr ￿ |o ' E2HIc2I1
Lq wkh lpsruw surgxfwlrq ixqfwlrq zh qhhg wr fdoleudwh wkh vkduh sdudphwhu Z2 dqg wkh hodvwlflw|
ri vxevwlwxwlrq/ *>1 D kljk hodvwlflw| ri vxevwlwxwlrq lpsolhv wkdw lpsruwv fdq eh surgxfhg zlwk
olwwoh lqsxw ri h{sruwv1 Wr dyrlg wklv/ zh dvvxph d vpdoo hodvwlflw| ri vxevwlwxwlrq dqg ohw *> 'f   1
Krzhyhu/ vlqfh wklv lv d sdudphwhu ri zklfk zh nqrz uhodwlyho| olwwoh/ zh shuirup vrph urexvwqhvv
fkhfnv1 Z2 lv fdoleudwhg vxfk wkdw lpsruwv htxdo h{sruwv dorqj wkh vwhdg| vwdwh sdwk1
Wkh fdslwdo dgmxvwphqw frvw ixqfwlrqv duh fdoleudwhg vxfk wkdw wkhuh duh qr dgmxvwphqw frvwv















cr ' +c|o +53,
dqg fkrrvh # vr wkdw zh uhsurgxfh wkh uhodwlyh yduldelolw| ri wrwdo lqyhvwphqwv wr rxwsxw revhuyhg
lq wkh gdwd1
Ilqdoo|/ zh qhhg wr fdoleudwh wkh vwrfkdvwlf surfhvvhv iru 5￿|/ 52|/ }￿| dqg }2|1 Zh dvvxph wkdw
E*?5￿|c*?52|






























" dqg @￿ dqg @2 duh fkrvhq vxfk wkdw zh uhsurgxfh wkh dvvxphg
vwhdg| vwdwh ydoxhv ri 5￿ dqg 52
;1 Zh xvh wkh hvwlpdwlrq uhvxowv lq Edfnxv/ Nhkrh dqg N|godqg
+4<<5,< dqg dvvxph wkdw V￿ ' Ve 'f  bfS dqg V2 ' V￿ 'f  fHH/ j2
"￿ ' j2
"2 ' j2
" 'f  ffHD22/
. E"￿"2'f  2DSj2
"1
Jryhuqphqw vshqglqj vkrfnv duh dvvxphg wr eh lqghshqghqw dfurvv frxqwulhv dqg wr eh jhq0
hudwhg e| uvw0rughu dxwruhjuhvvlyh surfhvvhv=
*?}￿| 'E V }*?} ￿nV }*?}￿|3￿ ni| +55,
zkhuh V} 5 dfc dqg i|  _Efcj 2
i1 Zh dvvxph wkdw V} 'f  bD dqg ji 'f  f21




lv jlyhq e| +L ￿ N},






<Zh dovr h{shulphqwhg zlwk d vshfl￿fdwlrq edvhg rq wkh uhvxowv lq Udyq +4<<:,/ ￿4 @ ￿7 @3 = <3 dqg ￿5 @ ￿6 @
3=38/ ￿5
￿ @3 = 33;855/ H +￿4￿5,@3 = 589￿5
￿1 Wklv dowhuqdwlyh vshfl￿fdwlrq/ krzhyhu/ kdugo| fkdqjh wkh uhvxowv1
43Zh wkhvh sdudphwhu ydoxhv lq kdqg zh duh uhdg| wr surfhhg wr wkh txdqwlwdwlyh hydoxdwlrq ri
wkh prgho1
7 Lpsolfdwlrqv iru Whupv ri Wudgh Pryhphqwv
Zh qrz wxuq wr wkh txdqwlwdwlyh lpsolfdwlrqv ri wkh prgho dqg zh uvw frqfhqwudwh rq wkh ehkdylru
ri wkh whupv ri wudgh1 Zh uhsruw wkh dyhudjh uhvxowv ryhu 433 vlpxodwlrqv iru d wlph krul}rq ri 433
txduwhuv +xvlqj dq h{wud 83 revhuydwlrqv dv lqlwldo frqglwlrqv,1 Dv wkh RHFG gdwd/ zh owhuhg wkh
vlpxodwhg gdwd zlwk wkh Krgulfn0Suhvfrww owhu1
714 D Prgho zlwk qr Fdslwdo lq wkh Wudqvsruw Vhfwru
Lw lv xvhixo wr vwduw wkh dqdo|vlv e| orrnlqj dw d vshfldo fdvh ri wkh prgho lq zklfk  'vr wkdw
wkh wudqvsruw vhfwru grhv qrw hpsor| dq| fdslwdo1 Wklv fdvh lv lqvwuxfwlyh dv lw jlyhv vrph lqwxlwlrq
iru wkh uhvxowv iurp wkh pruh jhqhudo prgho1 Wkh uhvwulfwlrq lpsolhv wkdw wkh lpsruw surgxfwlrq












Xqghu wklv vshflfdwlrq wkhuh lv ohvv  h{lelolw| lq wkh wudqvsruw vhfwru vlqfh lw rqo| uholhv rq
oderu dqg iruhljq h{sruwv1
71414 Wkh Edvholqh Vshflfdwlrq
Ehiruh suhvhqwlqj wkh txdqwlwdwlyh uhvxowv zh lqyhvwljdwh wkh lpsdfw ri vkrfnv wr wkh hfrqrp| rq
rxwsxw/ wudgh/ dqg uhodwlyh sulfhv1 Iljxuh 4 suhvhqwv lpsxovh uhvsrqvh ixqfwlrqv diwhu d rqh shufhqw
lqfuhdvh lq grphvwlf whfkqrorj| +lq Sdqho D, dqg d rqh shufhqw lqfuhdvh lq grphvwlf jryhuqphqw
vshqglqj +lq Sdqho E,1 Zh dovr looxvwudwh wudqvsruw frvwv phdvxuhg e| e R￿|1 Doo yduldeohv h{fhsw
qhw0h{sruwv duh looxvwudwhg lq shufhqwdjh ghyldwlrqv iurp wkh vwhdg|0vwdwh1
Dq lqfuhdvh lq grphvwlf surgxfwlylw| lqfuhdvhv rxwsxw dqg wkh uhodwlyh sulfh ri iruhljq jrrgv1
Rq lpsdfw/ rxwsxw lqfuhdvhv e| 415 shufhqw deryh lwv vwhdg|0vwdwh ohyho dqg wkhq judgxdoo| uhwxuqv
wr lwv vwhdg|0vwdwh1 Wkh whupv ri wudgh lqfuhdvh dv zhoo/ exw zlwk d vpdoohu hodvwlflw| wkdq rxwsxw1
Rq lpsdfw wkh shufhqwdjh lqfuhdvh lq wkh whupv ri wudgh lv voljkwo| ehorz 317 shufhqw exw wkh
lqfuhdvh frqwlqxhv xqwlo durxqg 418 |hduv diwhu wkh lqlwldo vkrfn rffxuuhg1 Dw wklv srlqw wkh whupv
ri wudgh shdn dw 3175 shufhqw deryh lwv vwhdg|0vwdwh ydoxh1 Wklv lqfuhdvh lq wkh whupv ri wudgh lv
voljkwo| kljkhu wkdq lq prghov zlwkrxw wudqvsruw frvwv1 Kdg wkhuh ehhq qr wudqvsruw frvwv/ whupv
ri wudgh zrxog lqfuhdvh e| 316 shufhqw rq lpsdfw dqg uhdfk d shdn dw 3168 shufhqw1 Wkxv/ lw vhhpv
wkdw wkh hhfw ri dgglqj wudqvsruw frvwv pljkw eh uhodwlyho| vpdoo dqg lq uhvsrqvh wr whfkqrorj|
vkrfnv/ whupv ri wudgh zrxog frxqwhuidfwxdoo| kdyh d vpdoohu yduldelolw| wkdq rxwsxw1
Dv glvfxvvhg deryh/ wkh lqfuhdvh lq whupv ri wudgh yduldelolw| wkdw lv revhuyhg uhodwlyh wr
wkh prgho zlwkrxw wudqvsruw frvwv lv fdxvhg hlwkhu e| d ghfuhdvh lq wudgh yduldelolw| +ehfdxvh
wudgh lv frvwo|, ru e| yduldwlrqv lq wudqvsruw frvwv +zklfk euhdn wkh gluhfw olqn ehwzhhq wudghg
txdqwlwlhv dqg uhodwlyh sulfhv,1 Xqghu wkh edvholqh sdudphwhul}dwlrq/ wudqvsruw frvwv ydu| uhodwlyho|
44prghvwo|1 Rq lpsdfw wudqvsruw frvwv lqfuhdvh e| ohvv wkdq 314 shufhqw dqg wkh| uhpdlq orz ryhu
wkh dgmxvwphqw surfhvv1 Wkxv/ wkh lqfuhdvhg whupv ri wudgh yduldelolw| lv uhodwhg wr d ghfuhdvh lq
wudgh yduldelolw|1 Wklv fdq eh vhhq iurp qrwlqj wkdw qhw0h{sruwv ghfuhdvh rq lpsdfw e| durxqg
3 1 5s h u f h q wl qr x uh f r q r p |z k l f kk d vw re hf r p s d u h gz l w k3 1 6s h u f h q wl qd qh f r q r p |z l w k r x w
wudqvsruw frvwv1
Sdqho E orrnv dw wkh hhfwv ri fkdqjhv lq jryhuqphqw vshqglqj1 Wkh uvw revhuydwlrq zh
pdnh lv wkdw wklv w|sh ri +pruh ghpdqg uhodwhg, vkrfnv wr wkh hfrqrp| fdxvhv eljjhu dgmxvwphqw
ri sulfhv wkdq lq txdqwlwlhv1 D 4 shufhqw lqfuhdvh lq jryhuqphqw vshqglqj lqfuhdvhv rxwsxw e|
3139 shufhqw dqg ghfuhdvhv wkh whupv ri wudgh e| 313;8 shufhqw1 Wkh uhodwlyh pdjqlwxgh ri wkhvh
uhvsrqvhv vxjjhvwv wkdw vxfk vkrfnv pljkw eh lpsruwdqw exw wkh vpdoo devroxwh pdjqlwxghv ri wkh
uhvsrqvhv vxjjhvwv wkdw whfkqrorj| vkrfnv duh olnho| wr grplqdwh1
Wkhvh lqvljkwv duh frquphg e| wkh vwrfkdvwlf vlpxodwlrqv ri wkh prgho1 Lq Wdeoh 7 zh uhsruw
wkh uhvxowv iru vhyhudo glhuhqw sdudphwhul}dwlrqv1 Lq wkh uvw wzr urzv zh frpsduh wkh prphqwv
ri wkh prgho zlwkrxw wudqvsruw frvwv zlwk wkrvh iru wkh edvholqh sdudphwhul}dwlrq1 Zh qg wkdw
lqwurgxflqj wudqvsruw frvwv lqfuhdvhv wkh vwdqgdug ghyldwlrq ri wkh whupv ri wudgh iurp 318< shufhqw
shu txduwhu wr 3198 shufhqw shu txduwhu1 Wkh vwdqgdug ghyldwlrq ri wkh whupv ri wudgh uhodwlyh
wr wkh vwdqgdug ghyldwlrq ri rxwsxw lqfuhdvhv iurp 3179 wr 3185 e| dgglqj wudqvsruw frvwv1 Wkxv/
xqghu wkh edvholqh sdudphwhul}dwlrq/ wudqvsruw frvwv fdqqrw dffrxqw iru wkh txdqwlwdwlyh glhuhqfh
ehwzhhq wkhru| dqg gdwd1 Ixuwkhupruh/ dv dqwlflsdwhg/ wkh lqfuhdvh lq wkh whupv ri wudgh yduldelolw|
frphv dw wkh frvw ri orzhu qhw0h{sruw yduldelolw|1
Lw lv zruwkzkloh wr qrwlfh wkdw wkh prgho lpsolhv dq dxwrfruuhodwlrq ri wkh whupv ri wudgh wkdw
lv forvh wr wkh dyhudjh ri wkh gdwd lq Wdeoh 41 Lq wkh gdwd wkh dyhudjh uvw0rughu dxwrfruuhodwlrq
ri wkh whupv ri wudgh lv 31;4 dqg wkh prgho lpsolhv d uvw0rughu dxwrfruuhodwlrq ri 31:;1 Krzhyhu/
wklv vxffhvv lv qrw uhodwhg wr wkh h{lvwhqfh ri wudqvsruw frvwv/ vlqfh wklv qxpehu lv dssur{lpdwho|
wkh vdph lq wkh iulfwlrqohvv hfrqrp|1
Lw lv dovr zruwk qrwlflqj wkdw wkh prgho/ uhjdugohvv ri wkh h{lvwhqfh ri wudqvsruw frvwv/ lpsolhv d
vwurqj srvlwlyh fruuhodwlrq ehwzhhq whupv ri wudgh dqg rxwsxw dqg d prghudwh qhjdwlyh fruuhodwlrq
ehwzhhq qhw0h{sruwv dqg wkh whupv ri wudgh1 Wklv lv h{sodlqhg e| wkh grplqdqfh ri surgxfwlylw|
vkrfnv dqg wkhlu hhfwv rq wkh g|qdplfv ri wkh prgho= Surgxfwlylw| vkrfnv ohdg wr srvlwlyh
frpryhphqwv ri wkh whupv ri wudgh dqg rxwsxw vlqfh wkh| lqfuhdvh rxwsxw dqg wkh uhodwlyh sulfh ri
iruhljq jrrgv1 Dw wkh vdph wlph/ lq wkh vkruw uxq/ dq| vxfk vkrfn ohdgv wr d zruvhqlqj ri wkh wudgh
edodqfh1 Wkhvh lpsolfdwlrqv frqwudvw vrphzkdw zlwk wkh gdwd1 Lq wkh gdwd/ wkhuh lv d uhodwlyho|
vwurqj qhjdwlyh fruuhodwlrq ehwzhhq whupv ri wudgh pryhphqwv dqg rxwsxw lq prvw frxqwulhv zkloh
wkhuh lv vrph furvv0frxqwu| yduldwlrq lq wkh fruuhodwlrq ehwzhhq wkh whupv ri wudgh dqg qhw0h{sruwv
zlwk d qxpehu ri frxqwulhv kdylqj prghudwh qhjdwlyh fruuhodwlrqv dqg vrph kdylqj odujhu srvlwlyh
fruuhodwlrqv1
Lq vxppdu|/ wkh prgho zlwk wudqvsruw frvwv fdqqrw dffrxqw iru wkh glhuhqfh ehwzhhq wkhru|
dqg gdwd lq whupv ri qhlwkhu wkh yduldelolw| lq wkh uhodwlyh sulfh ri h{sruwv dqg lpsruwv/ qru wkh
uhodwlrqvkls ehwzhhq whupv ri wudgh pryhphqwv dqg rxwsxw dqg qhw0h{sruwv1
Ehiruh surfhhglqj zlwk wkh vhqvlwlylw| dqdo|vlv/ zh fkhfn zkhwkhu wkh lqfoxvlrq ri jryhuqphqw
vshqglqj lv uhohydqw/ dqg/ lq wkh wklug urz/ zh dvvxph wkdw lw lv frqvwdqw1 Dv wkh glvfxvvlrq
deryh lqglfdwhg wklv kdv olwwoh hhfw rq uhdo yduldelolw| exw orzhuv wkh whupv ri wudgh yduldelolw|
45hyhq ixuwkhu1 Zkhq wkh vwdqgdug ghyldwlrq ri jryhuqphqw vshqglqj vkrfnv lv vhw htxdo wr 3/ wkh
vwdqgdug ghyldwlrq ri wkh whupv ri wudgh ghfuhdvhv iurp 3198 shufhqw wr 318: shufhqw zkloh wkh
vwdqgdug ghyldwlrq ri rxwsxw ghfuhdvhv iurp 4159 shufhqw wr 4156 shufhqw1 Wkh prgho zlwk qr
vkrfnv wr jryhuqphqw vshqglqj dovr lpsolhv frxqwhuidfwxdoo| d pruh srvlwlyh uhodwlrqvkls ehwzhhq
wkh whupv ri wudgh dqg rxwsxw1 Wkhvh revhuydwlrqv vxjjhvw wkdw jryhuqphqw vshqglqj kdv yhu|
vpdoo txdqwlwdwlyh hhfwv lq wkh prgho1
71415 Vhqvlwlylw| wr wkh Wudqvsruw Vhfwru Prgholqj
Zh qrz lqyhvwljdwh zkhwkhu wkh uhvxowv duh vhqvlwlyh wr wkh vl}h ri wkh wudqvsruw vhfwru dqg wkh
hodvwlflw| ri vxevwlwxwlrq lq wklv vhfwru1 Urzv +7, wr +:, orrn dw dowhuqdwlyh h{shulphqwv1
Lq Urz 7 zh kdoyh wkh vl}h ri wkh wudqvsruw vhfwru dqg dvvxph wkdw lw dffrxqwv iru 617 shufhqw
ri wrwdo hpsor|phqw1 Wklv fkdqjh lq wkh sdudphwhul}dwlrq kdv olwwoh hhfw rq wkh prphqwv ri wkh
prgho dqg grhv qrw vhhp wr eh yhu| lpsruwdqw iru wkh frqfoxvlrqv1 Wklv lv frquphg lq Urz
8 zkhuh zh lqvwhdg lqfuhdvh wkh vkduh ri hpsor|phqw lq wkh wudqvsruw vhfwru wr 4317 shufhqw ri
wrwdo hpsor|phqw1 Djdlq qr prphqwv duh vljqlfdqwo| dhfwhg1 Wkxv wkh suhflvh ydoxh ri wklv
sdudphwhu pdwwhuv yhu| olwwoh1
Urz 9 uhsruwv wkh prphqwv ri wkh prgho zkhq wkh hodvwlflw| ri vxevwlwxwlrq lq wkh wudqvsruw
v h f w r ul vo r z h u h gi u r p3 1 4w r3 1 3 4 1W k l vk d vdo d u j hh  h f wr qw k hp r p h q w vr iw k hw h u p vr iw u d g h 1
Rxu uhvxowv lpso| wkdw wkh vwdqgdug ghyldwlrq ri wkh whupv ri wudgh lqfuhdvhv wr 418:/ doprvw wzr
dqg kdoi wlphv dv pxfk dv lq wkh edvholqh prgho1 Dw wkh vdph wlph/ wklv fkdqjh lq wkh fdoleudwlrq
dovr eulqjv wkh fruuhodwlrqv ri wkh whupv ri wudgh zlwk rxwsxw dqg qhw0h{sruwv pxfk forvhu wr zkdw
fdq eh revhuyhg lq wkh gdwd1 Wkh uhdvrq iru wklv lv wkdw zh jhw pxfk odujhu yduldwlrqv lq wudqvsruw
frvwv vlqfh wkhuh lv olwwoh vfrsh iru vxevwlwxwlrq ehwzhhq iruhljq h{sruwv dqg grphvwlf lqsxw ri
o d e r ul qw k l vv h f w r u 1D ql q f u h d v hl ql p s r u wg h p d q gl vd v v r f l d w h gz l w kd ql q f u h d v hl ql p s r u wv h f w r u
hpsor|phqw dqg wklv lqfuhdvhv wkh wudqvsruw frvwv zklfk wkhq ohdgv wr odujhu yduldwlrqv lq wkh
whupv ri wudgh1
Lq Iljxuh 5 zh looxvwudwh vrph nh| prphqwv dv d ixqfwlrq ri wkh hodvwlflw| ri vxevwlwxwlrq
lq wkh wudqvsruw vhfwru/ *>1 Lq wkh uvw sdqho zh vkrz wkh vwdqgdug ghyldwlrq ri rxwsxw/ qhw0
h{sruwv/ wkh whupv ri wudgh dqg wkh lpsruw udwlr ghqhg e| 6￿|*_￿|1 Wkh jxuh looxvwudwhv wkdw
dv orqj dv wkh hodvwlflw| ri vxevwlwxwlrq grhv qrw ehfrph h{wuhpho| vpdoo/ wkh suhflvh ydoxh ri wklv
sdudphwhu pdwwhuv yhu| olwwoh iru wkh prphqwv ri lqwhuhvw1 Krzhyhu/ iru *>  f/ wkh yduldqfhv ri
qhw0h{sruwv dqg whupv ri wudgh lqfuhdvh vkduso|1 Krzhyhu/ rxwsxw dqg lpsruw udwlr yduldelolwlhv
duh doprvw xqdhfwhg1 Ixuwkhupruh/ lw vhhpv wkdw iru d vpdoo hqrxjk hodvwlflw| ri vxevwlwxwlrq/
rqh fdq uhsurgxfh wkh elj yduldelolw| ri wkh whupv ri wudgh uhodwlyh wr rxwsxw1 Wkxv/ lw dsshduv
wkdw wudqvsruw frvwv fdq uhvroyh wkh sulfh sx}}oh1
Wklv uhvroxwlrq/ krzhyhu/ grhv qrw vxuylyh forvhu vfuxwlq|1 Wkh uhdvrq lv wkdw wkh ydoxh dgghg lq
wkh wudqvsruw vhfwru ehfrphv frxqwhuidfwxdoo| yrodwloh iru *> $ f1 Lq Iljxuh 5 +vhfrqg sdqho, zh
looxvwudwh wkh vwdqgdug ghyldwlrq ri wudqvsruw vhfwru ydoxh dgghg/ djjuhjdwh rxwsxw dqg wudqvsruw
frvwv1 Zkhq wkh hodvwlflw| ri vxevwlwxwlrq dssurdfkhv 3/ wkh yduldelolw| ri ydoxh dgghg lq wkh
wudqvsruw vhfwru ulvhv vkduso| dv grhv wkh yrodwlolw| ri wudqvsruw frvwv1
Wkh hqruprxv uhodwlyh yrodwlolw| ri wkh wudqvsruw vhfwru lv frxqwhuidfwxdo1 Wdeoh 5 olvwv wkh
46vwdqgdug ghyldwlrqv ri Krgulfn0Suhvfrww owhuhg dqqxdo gdwd iru djjuhjdwh rxwsxw dqg wudqvsruw
vhfwru rxwsxw431 Lq wkhvh gdwd wkh rxwsxw ri wkh wudqvsruw vhfwru lv pruh yduldeoh wkdq djjuhjdwh
rxwsxw iru doo frxqwulhv1 Rq wkh dyhudjh/ wkh udwlr ri wkh vwdqgdug ghyldwlrq ri wkh wudqvsruw vhfwru
rxwsxw wr wkh vwdqgdug ghyldwlrq ri wrwdo rxwsxw lv 41;81
Iru *> 'f  f wkh prgho lpsolhv wkdw wkh vwdqgdug ghyldwlrq ri ydoxh dgghg lq wkh wudqvsruw
vhfwru lv durxqg 718 wlphv kljkhu wkdq djjuhjdwh rxwsxw/ dq hvwlpdwh wkdw lv frxqwhuidfwxdoo| kljk1
Edvhg rq wklv zh dovr fduu| rxw dq h{shulphqw lq zklfk zh fkrrvh wkh hodvwlflw| ri vxevwlwxwlrq/
*>/ vxfk wkdw zh pdwfk wkh uhodwlyh yduldelolw| ri rxwsxw ri wkh wzr vhfwruv zklfk lpsolhv wkdw
*>  ff21 Wkh uhvxowv iru wklv sdudphwhul}dwlrq duh uhsruwhg lq Urz +:, ri Wdeoh 71 Zh qg
d vwdqgdug ghyldwlrq ri wkh whupv ri wudgh ri 31:< shufhqw/ dq hvwlpdwh wkdw lv zhoo ehorz dq|
qxpehu txrwhg lq Wdeoh 41 Wkxv/ wkh prgho zlwk sodxvleoh sdudphwhu ydoxhv fdqqrw uhsurgxfh
wkh kljk yrodwlolw| ri wkh whupv ri wudgh revhuyhg lq wkh gdwd1
Lq vxppdu|/ dgglqj wudqvsruw frvwv wr wkh wzr0frxqwu| wzr0jrrg lqwhuqdwlrqdo exvlqhvv f|foh
prgho lpsolhv kljkhu whupv ri wudgh yduldelolw| exw lw grhv qrw uhvroyh wkh sulfh sx}}oh1 D
sodxvleoh sdudphwhul}dwlrq ri wkh prgho lpsolhv d vwdqgdug ghyldwlrq ri wkh whupv ri wudgh ri
31:<( shu txduwhu dv frpsduhg wr 318<( lq wkh devhqfh ri wudqvsruw frvwv dqg 6( lq wkh gdwd1
71416 Rwkhu Vhqvlwlylw| Dqdo|vhv
Lq wkh odvw wkuhh urzv ri Wdeoh 7 zh vxppdul}h wkh uhvxowv iru wzr qdo vhqvlwlylw| dqdo|vhv1 Lq
Urz : zh orrn dw wkh hhfwv ri lqfuhdvlqj wkh vwhdg|0vwdwh lpsruw vkduh wr 63(1 Dv Edfnxv/ Nhkrh
dqg N|godqg +4<<8, zh qg wkdw wklv fkdqjh lq wkh sdudphwhul}dwlrq kdv rqo| plqru hhfwv1 Wkh
qh{w urz uhsruwv wkh prphqwv zkhq wkh hodvwlflw| ehwzhhq grphvwlf jrrgv dqg lpsruwhg jrrgv
lq wkh Duplqjwrq djjuhjdwru lv orzhuhg wr 3181 Wklv fkdqjh lq wkh fdoleudwlrq lqfuhdvhv wkh whupv
ri wudgh yduldelolw| txlwh vljqlfdqwo|/ exw dv srlqwhg rxw e| Edfnxv/ Nhkrh dqg N|godqg +4<<8,/
wklv frphv dw wkh frvw ri d frxqwhuidfwxdoo| orz yduldelolw| ri wkh lpsruw udwlr1
715 Lpsolfdwlrqv ri wkh Jhqhudo Prgho
Zh qrz wxuq wr wkh lpsolfdwlrqv ri wkh jhqhudo prgho lq zklfk wkh wudqvsruw vhfwru xwlol}hv erwk
oderu dqg fdslwdo1 Wkh uhvxowv ri vlpxodwlrqv ri wklv prgho duh uhsruwhg lq Wdeoh 81
Wkh txdqwlwdwlyh uhvxowv duh yhu| vlplodu wr wkrvh glvfxvvhg deryh1 Wkh pdlq glhuhqfhv fdq
eh vxppdul}hg dv iroorzv1 Iluvw/ wkhuh lv d jhqhudo whqghqf| iru voljkwo| kljkhu whupv ri wudgh
yduldelolw|1 Iru h{dpsoh/ xqghu wkh edvholqh sdudphwhul}dwlrq/ zh qg wkdw wkh jhqhudo prgho
lpsolhv d vwdqgdug ghyldwlrq ri wkh whupv ri wudgh ri 31:4 shufhqw zklfk lv durxqg whq shufhqw
kljkhu wkdq lq wkh prgho zlwk qr fdslwdo lq wklv vhfwru exw vwloo zhoo ehorz dq| qxpehu revhuyhg lq
wkh gdwd1 Wkh lqfuhdvh lq uhodwlyh sulfh yrodwlolw|/ krzhyhu/ frphv dw wkh frvw ri orzhu yduldelolw|
lq qhw0h{sruwv1 Wkh uhdvrq iru wklv lv wkdw wkh hodvwlflw| ri lpsruwv zlwk uhvshfw wr oderu lv orzhu
xqghu wklv vshflfdwlrq wkdq lq wkh vshfldo fdvh dqdo|}hg deryh dqg wkdw dgmxvwphqw frvwv olplw
43Edvhg rq wkh dujxphqwv lq Udyq dqg Xkolj +4<<:, zh dgmxvwhg wkh vprrwklqj sdudphwhu ri wkh ￿owhu vxfk wkdw
wkh hvwlpdwhg prphqwv uhodwh wr wkh vdph iuhtxhqflhv dv wkrvh rqh lvrodwhv zlwk wkh xvxdo fkrlfh ri 4933 dw wkh
txduwhuo| iuhtxhqf|/ zklfk lv wkh iuhtxhqf| zh vlpxodwh wkh prgho iru1 Iru wkh dqqxdo gdwd zh xvh d ydoxh ri 9158
iru wkh vprrwklqj sdudphwhu1
47wkh yduldelolw| ri wkh fdslwdo vwrfn hpsor|hg lq wklv vhfwru1 Wkhvh wzr hhfwv wrjhwkhu lpso| wkdw
wudqvsruw frvwv ulvh pruh lq uhvsrqvh wr vkrfnv wkdq lq wkh fdvh dqdo|}hg ehiruh1 Wklv orzhuv wkh
wudgh yduldelolw| dqg lqfuhdvhv dgmxvwphqwv wkurxjk sulfhv1
Wkh rqo| fdvh zkhuh d pdmru glhuhqfh ehwzhhq wkh wzr prghov dsshduv lv iru wkh yhu| orz
hodvwlflw| ri vxevwlwxwlrq zkhuh wkh jhqhudo prgho lpsolhv d vwdqgdug ghyldwlrq ri wkh whupv ri
wudgh ri 31;3 shufhqw/ zklfk lv vxevwdqwldoo| ehorz wkh qxpehu zh irxqg lq wkh suhylrxv vhfwlrq1
Wkh uhdvrq iru wklv qglqj lv wkdw dowkrxjk yhu| orz ydoxhv ri wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq
iruhljq h{sruwv dqg wkh Free0Grxjodv frpsrvlwh ohdg wr pruh yrodwloh frvwv/ wkhuh lv vwloo vfrsh iru
vxevwlwxwlrq ehwzhhq oderu dqg fdslwdo1 Wkxv/ pxfk vpdoohu ydoxhv ri wkh hodvwlflw| ri vxevwlwxwlrq
duh qhhghg lq rughu wr ohdg wr d pdmru lqfuhdvh lq whupv ri wudgh yduldelolw| iru wklv vshflfdwlrq1
Vlqfh wkh glhuhqfh ehwzhhq wkh prgho h{dplqhg ehiruh dqg wkh jhqhudo prgho lv gxh wr wkh
fdslwdo vkduh/ zh fduu| rxw vrph vhqvlwlylw| dqdo|vlv zlwk uhvshfw wr wklv sdudphwhu1 Wkh edvholqh
sdudphwhul}dwlrq xvhg lq Wdeoh 8 dvvxphv wkdw wkh fdslwdo vkduh lq wklv vhfwru lv htxdo wr 8:
shufhqw exw wklv pljkw zhoo eh dvvrfldwhg zlwk phdvxuhphqw huuruv1 Lq Iljxuh 6 zh looxvwudwh
wkh nh| prphqwv ri wkh prgho dv ixqfwlrqv ri wkh fdslwdo vkduh1 Wkh slfwxuh uhyhdov wkdw xqohvv
wkh wudqvsruw vhfwru ehfrphv yhu| fdslwdo lqwhqvlyh/ wkh h{dfw ydoxh xvhg lq wkh sdudphwhul}dwlrq
pdwwhuv uhodwlyho| olwwoh1 Wkh txhvwlrq lv zkhwkhu rxu hvwlpdwh ri wkh fdslwdo vkduh lv olnho| wr eh
eldvhg xszdugv ru grzqzdugv1 Lw lv suredeo| vdih wr dvfhuwdlq wkdw d fdslwdo vkduh lq wkh wudqvsruw
vhfwru ri 8:( lv qhjdwlyho| eldvhg1 Rxu hvwlpdwh lv edvhg rq wkh LVGE fodvvlfdwlrq ri wklv vhfwru
zklfk lqfoxghv erwk grphvwlf wudqvsruwv dv zhoo dv frppxqlfdwlrqv dqg vwrudjh1 Lqwhuqdwlrqdo
wudqvsruwv duh suredeo| pruh fdslwdo lqwhqvlyh wkdq qdwlrqdo wudqvsruwv +gxh wr wkh odujhu glvwdqfhv
fryhuhg lq lqwhuqdwlrqdo wudqvsruwv,1 Krzhyhu/ hyhq li zh zhuh wr uhylvh wkh hvwlpdwh ri  wr ;3(/
d ydoxh wkdw vhhpv yhu| kljk/ wklv zrxog rqo| lqfuhdvh wkh yrodwlolw| ri wkh whupv ri wudgh wr 31<(
shu txduwhu dqg/ wkxv/ zrxog qrw uhvroyh wkh sulfh sx}}oh1
8 Lpsolfdwlrqv iru Uhdo H{fkdqjh Udwh Pryhphqwv
Lq wklv Vhfwlrq zh zdqw dvvhvv wkh h{whqw wr zklfk wudqvsruw frvwv pljkw frqwulexwh wr h{sodlq
wkh odujh yduldwlrqv dqg wkh kljk shuvlvwhqfh ri uhdo h{fkdqjh udwhv wkdw zdv glvfxvvhg lq Vhfwlrq
51 Fohduo|/ pdq| idfwruv duh uhvsrqvleoh iru wkh qhjdwlyh hylghqfh rq  dqg wkh u dqg
wudqvsruw frvwv lv rqo| rqh ri wkhvh1 Wkxv/ zh gr qrw h{shfw wudqvsruw frvwv wr eh wkh vroh
h{sodqdwlrq1 Iru h{dpsoh/ skhqrphqd vxfk dv sulflqj wr pdunhw dqg h{fkdqjh udwh sdvv wkurxjk
kdyh ehhq vkrzq wr eh lpsruwdqw hpslulfdoo| lq wkh h{sodqdwlrq iru ghyldwlrqv iurp wkh u
dqg zh gr qrw lqwurgxfh vxfk ihdwxuhv khuh +iru d uhfhqw vxuyh|/ vhh Jrogehuj dqg Nqhwwhu/ 4<<:,1
Krzhyhu/ hpslulfdo vwxglhv w|slfdoo| dovr qg dw ohdvw vrph uroh iru wudqvsruw frvwv1 Dprqj rwkhuv/
Hqjho dqg Urjhuv +4<<9, qg wkdw glvwdqfh lv lpsruwdqw lq h{sodlqlqj jhrjudsklfdo yduldwlrqv lq
sulfhv hyhq wkrxjk erughu skhqrphqd +frxqwu| ri sxufkdvh, duh dovr lpsruwdqw1 Wudqvsruw
frvwv duh dovr d vwdqgdug wh{werrn h{dpsoh iru h{sodlqlqj ghyldwlrqv iurp 1 Iru h{dpsoh/ lq
Nuxjpdq dqg Revwihog +4<<4, wudqvsruw frvwv duh phqwlrqhg dv rqh ri wkh wkuhh pdlq h{sodqdwlrqv
iru wkh qhjdwlyh hpslulfdo hylghqfh rq 1
Wkxv/ zh orrn dw krz pxfk wudqvsruw frvwv fdq srwhqwldoo| h{sodlq ri wkh yduldwlrqv lq uhdo
48h{fkdqjh udwhv1 Suhylrxvo|/ Gxpdv +4<<5, kdv dqdo|}hg wkh hhfwv ri wudqvsruw frvwv rq wkh uhdo
h{fkdqjh udwh lq d frqwlqxrxv wlph prgho zlwk wudgh lq fdslwdo rqo| dqg zlwk d olqhdu whfkqrorj|
lq fdslwdo1 Kh irxqg wkdw vxfk frvwv pljkw eh uhvsrqvleoh iru wkh yhu| kljk shuvlvwhqfh ri uhdo
h{fkdqjh udwhv wkdw lv revhuyhg lq hpslulfdo gdwd1 Plfkdho/ Qred| dqg Shho +4<<:, fduu| rxw d
wlph0vhulhv hfrqrphwulf whvw ri wklv k|srwkhvlv1
Lq rxu prgho wkhuh duh wzr uhdvrqv zk| wkh uhdo h{fkdqjh udwh pljkw ydu|1 Iluvw/ suhihuhqfhv
pd| glhu dfurvv frxqwulhv1 Wkxv/ vlqfh wkh w|slfdo exqgohv wkdw duh sxufkdvhg deurdg dqg dw
krph glhu/  f d qe hy l r o d w h gh y h qw k r x j kw k hu krogv1 Lq sduwlfxodu/ wklv zloo eh wkh
fdvh rxw ri wkh vwhdg|0vwdwh1 Vhfrqgo|/ ehfdxvh ri wkh h{lvwhqfh ri wudqvsruw frvwv/ wkh u lv
ylrodwhg1
Wr frpsxwh wkh uhdo h{fkdqjh udwh zh qhhg wkh frqvxphu sulfh lqglfhv1 Dw wklv srlqw zh wklqn
ri wkh prgho dv rqh lq zklfk doo qdo xvhv ri jrrgv duh vshflhg e| lghqwlfdo .7 ixqfwlrqv1
Wkh h{dfw frqvxphu sulfh lqgh{ fdq eh ghulyhg iurp wkh h{shqglwxuh ixqfwlrqv1 Wkh h{shqglwxuh





































￿|cS ￿| lv wkh h{shqglwxuh qhhghg iru dq djhqw lq frxqwu|  wr rewdlq S￿| xqlwv ri wkh








1 Xvlqj wkh rxwsxw jrrg ri frxqwu| 4 dv





































































Li wkhuh duh qr wudqvsruw frvwv/ h R￿| ' h R2| dqg wkdw e R2| ' 1 Krzhyhu/ wkh uhdo h{fkdqjh udwh fdq
vwloo ghyldwh iurp rqh xqohvv wkh vwhdg|0vwdwh lpsruw vkduh lv htxdo wr 83( lq zklfk fdvh /￿ ' /21
Khqfh/ wkh uhdo h{fkdqjh udwh fdq  xfwxdwh hyhq lq wkh prgho zlwk qr wudqvsruw frvwv ehfdxvh ri
glhuhqfhv dfurvv frxqwulhv lq suhihuhqfhv1
Zkhq wudqvsruw frvwv duh dgghg wr wkh prgho/ lw zloo qr orqjhu eh wuxh wkdw h R￿| ' h R2| qru wkdw
e R2| ' 1 Wkxv/ lq wklv fdvh/ wudqvsruw frvwv gulyh d zhgjh ehwzhhq uhodwlyh sulfhv ri lghqwlfdo jrrgv
dfurvv frxqwulhv dqg wklv jlyhv rqh dgglwlrqdo vrxufh ri uhdo h{fkdqjh udwh yduldwlrqv451
44Zh kdyh khuh xvhg wkdw wkh grphvwlf jrrg pxvw vhoo dw wkh vdph sulfh dv wkh grphvwlf h{sruw jrrg lq hdfk ri
wkh wzr frxqwulhv1
45Krzhyhu/ lw lv vwloo wuxh wkdw wkh vwhdg|0vwdwh ydoxh ri wkh uhdo h{fkdqjh udwh lv htxdo wr 41
49Wkh txhvwlrq lv krz lpsruwdqw wkhvh vrxufhv duh iru uhdo h{fkdqjh udwh yduldelolw|1 Lq Iljxuh
7 zh vkrz wkh lpsdfw rq wkh uhdo h{fkdqjh udwh ri d rqh shufhqw lqfuhdvh lq whfkqrorj| +lq wkh
wrs sdqho, dqg d rqh shufhqw lqfuhdvh lq jryhuqphqw vshqglqj +lq wkh orzhu sdqho,1 Zh dovr vkrz
wkh uhdo h{fkdqjh udwh lpsolhg e| wkh prgho iru Z￿ 'dqg Z2 'f+iulfwlrqohvv wudgh,1 Lq rughu
wr ghfrpsrvh wkh hhfw rq wkh uhdo h{fkdqjh udwh/ zh vhsdudwh wkh uhdo h{fkdqjh udwh lqwr wkh
sduw gluhfwo| dffrxqwhg iru e| wudqvsruw frvwv +wkh sduw dvvrfldwhg zlwk e R2|, dqg wkh sduw gxh wr
suhihuhqfh zhljkwhg uhodwlyh sulfh glhuhqfhv +^￿|*e R2|,1
D grphvwlf whfkqrorj| vkrfn orzhuv wkh uhodwlyh sulfh ri wkh grphvwlfdoo| surgxfhg jrrg1 Kdg
wkhuh ehhq qr wudqvsruw frvwv/ wklv zrxog jlyh ulvh wr wkh uhdo h{fkdqjh udwh g|qdplfv lqglfdwhg e|
wkh ixqfwlrq wkdw lv ghqrwhg e| ^?J |o@?rR￿SJr| +wkh ghyldwlrq ri qdwlrqdo sulfh ohyhov gxh wr glhuhqfhv
lq suhihuhqfhv,1 Wkh lqfuhdvhg surgxfwlylw| lq frxqwu| 4 lqfuhdvhv wkh uhodwlyh sulfh ri wkh frxqwu|
5 jrrg lq erwk frxqwulhv1 Vlqfh zh kdyh ghqrplqdwhg wkh sulfh lqglfhv lq whupv ri jrrg ri frxqwu|
4 wklv lpsolhv wkdw erwk sulfh lqgh{hv lqfuhdvh exw jlyhq wkdw wkhuh lv d suhihuhqfh iru krphjrrgv
wkh iruhljq sulfh ohyho lqfuhdvhv pruh wkdq wkh grphvwlf sulfh ohyho dqg wkh uhdo h{fkdqjh udwh
dssuhfldwhv1
Wudqvsruw frvwv lqfuhdvh wkh uhdo h{fkdqjh uhvsrqvh voljkwo|1 Lq wkh prgho zlwk wudqvsruw frvwv
wkh uhdo h{fkdqjh udwh shdnv dw durxqg 3157 shufhqw deryh lwv vwhdg|0vwdwh ydoxh dv frpsduhg
wr durxqg 314; shufhqw zkhq wkhuh duh qr wudqvsruw frvwv1 Wkh uhdvrq iru wkh uhodwlyho| vpdoo
dgglwlrqdo hhfw ri dgglqj wudqvsruw frvwv lv wkdw wkhuh duh wzr rssrvlwho| gluhfwhg hhfwv1 Iluvw/
wkh lqfuhdvh lq lpsruw ghpdqg ohdgv wr dq lqfuhdvh lq wudqvsruw frvwv dqg wklv frqwulexwhv srvlwlyho|
wr wkh hhfw rq wkh uhdo h{fkdqjh udwh wkurxjk wkh whup e R2| zklfk fdswxuhv wkh gluhfw hhfw ri wkh
wudglqj iulfwlrq1 Krzhyhu/ wkh hhfw iurp wkh suhihuhqfh zhljkwhg uhodwlyh sulfhv ghfuhdvhv uhodwlyh
wr wkh vdph hhfw lq d iulfwlrqohvv zruog1 Wkh uhdvrq iru wklv lv wkh iroorzlqj1 Wkh lqfuhdvh lq
grphvwlf surgxfwlylw| lqfuhdvhv erwk grphvwlf dqg iruhljq lpsruwv dqg/ dv d uhvxow/ wudqvsruw frvwv
ulvh lq erwk frxqwulhv1 Khqfh/ uhodwlyh wr wkh hfrqrp| zlwk qr wudglqj iulfwlrqv/ wkh uhodwlyh sulfh
ri wkh rxwsxw jrrg ri frxqwu| 5 lqfuhdvhv pruh lq frxqwu| 4 dqg ohvv lq frxqwu| 51 Wklv vlpsoh
lqvljkw lpsolhv wkdw wkh sxuh suhihuhqfh hhfw lv vpdoohu lq wkh prgho zlwk wudqvsruw frvwv wkdq lq
wkh prgho zlwk iulfwlrqohvv lqwhuqdwlrqdo wudgh461 Wkxv/ zkloh wkhuh lv d srvlwlyh gluhfw hhfw rq
uhdo h{fkdqjh yrodwlolw| ri wudqvsruw frvwv/ wkhuh lv dovr d qhjdwlyh lqgluhfw hhfw1 Lw lv dovr zruwk
qrwlflqj wkdw wkh uhdo h{fkdqjh udwh pryhphqw lv yhu| shuvlvwhqw exw wkdw wklv lv lqghshqghqw ri
wkh h{lvwhqfh ri wudqvsruw frvwv1
Wkh orzhu sdqho looxvwudwhv wkh vdph vhulhv exw iru d rqh shufhqw lqfuhdvh lq grphvwlf jryhuq0
phqw vshqglqj1 Wklv vkrfn wr wkh hfrqrp| lqfuhdvhv wkh uhodwlyh sulfh ri grphvwlf jrrgv dqg
wkhuhiruh d uhdo h{fkdqjh udwh ghsuhfldwlrq1 Lq wklv fdvh wkh lpsdfw rq wkh uhdo h{fkdqjh udwh lq
wkh devhqfh ri wudqvsruw frvwv lv yhu| vpdoo dqg wkh lqwurgxfwlrq ri wudqvsruw frvwv lqfuhdvhv wkh
lpsdfw rq wkh uhdo h{fkdqjh udwh e| doprvw dq rughu ri pdjqlwxgh1 Iru wklv w|sh ri vkrfn wkh gluhfw
dqg wkh lqgluhfw hhfw zrun lq wkh vdph gluhfwlrq +vlqfh grphvwlf wudqvsruw frvwv lqfuhdvh zkloh
46Wklv dujxphqw uhvwv rq wkh dvvxpswlrq wkdw wkh hodvwlflw| ri wkh whupv ri wudgh wr grphvwlf +iruhljq, whfk0
qrorj| vkrfnv/ lv eljjhu lq wklv prgho wkdq lq wkh iulfwlrqohvv fdvh1 Wklv lv lqghhg wkh fdvh xqghu wkh edvholqh
sdudphwhul}dwlrq1 Ixuwkhupruh/ lw dovr uhvwv rq wkh dvvxpswlrq wkdw wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq iruhljq
dqg grphvwlf jrrgv lv juhdwhu wkdq rqh1 Lqghhg/ zkhq wkh hodvwlflw| ri vxevwlwxwlrq lv vpdoohu wkdq rqh/ wkh wzr
h￿hfwv duh htxdoo| vljqhg1
4:wkh| ghfuhdvh deurdg,1 Qrwh dovr wkdw wkh uhodwlyh lpsruwdqfh ri jryhuqphqw vshqglqj vkrfnv
iru h{sodlqlqj uhdo h{fkdqjh udwh pryhphqwv lqfuhdvhv vkduso| zlwk wkh lqwurgxfwlrq ri wudqvsruw
frvwv1
Wdeoh 9 txdqwlhv wkh uhdo h{fkdqjh udwh prphqwv dqg dv deryh zh ghfrpsrvh wkhvh lqwr wkh
gluhfw wudqvsruw frvw hhfw dqg wkh suhihuhqfh0zhljkwhg sulfh hhfw1 Zh vkrz rqo| wkh prphqwv
iurp wkh yhuvlrq ri wkh prgho zklfk xvhv qr fdslwdo lq wkh wudqvsruw vhfwru/ vlqfh wkh prphqwv
iurp wkh rwkhu vshflfdwlrq duh yhu| vlplodu1 Lq wkh uvw urz zh uhsruw wkh prphqwv ri wkh uhdo
h{fkdqjh udwh iru wkh hfrqrp| zlwkrxw wudqvsruw frvwv zkhuh suhihuhqfhv duh wkh rqo| vrxufh ri
uhdo h{fkdqjh udwh pryhphqwv1 Wklv prgho lpsolhv d vwdqgdug ghyldwlrq ri wkh uhdo h{fkdqjh udwh
ri 3163 shufhqw1 Wklv qxpehu lv durxqg 58 wlphv orzhu wkdq wkh w|slfdo hvwlpdwh lq Wdeoh 51 Wkxv/
furvv0frxqwu| glhuhqfhv lq suhihuhqfhv fdqqrw e| wkhpvhoyhv dffrxqw iru wkh revhuyhg yduldelolw|
lq uhdo h{fkdqjhv udwhv1
Krzhyhu/ rqh vxusulvlqj qglqj lv wkdw wkh prgho zlwk qr wudqvsruw frvwv lpsolhv d uvw rughu
dxwrfruuhodwlrq ri wkh uhdo h{fkdqjh udwh ri 31;3/ d qxpehu wkdw/ li dq|wklqj/ lv lq wkh xsshu
erxqgdu| ri wkh hpslulfdo hvwlpdwhv1 Wkh kljk shuvlvwhqfh lv lqkhulwhg iurp wkh shuvlvwhqfh ri wkh
whupv ri wudgh vlqfh wkh uhdo h{fkdqjh udwh lq wklv prgho lv edvlfdoo| d qrq0olqhdu wudqvirupdwlrq ri
wkh whupv ri wudgh1 Wklv vxjjhvwv wkdw hpslulfdo whvwv wkdw irfxv rq wkh shuvlvwhqfh ri uhdo h{fkdqjh
udwhv pljkw eh xqlqirupdwlyh dqg wkdw dwwhpswv wr h{sodlq uhdo h{fkdqjh udwh shuvlvwhqfh zlwk
uhihuhqfh wr lpshuihfwlrqv lq jrrgv dqg dvvhw pdunhwv pljkw eh plvsodfhg1
Wkh vhfrqg urz jlyhv wkh uhvxowv zkhq wudqvsruw frvwv duh dgghg1 Wudqvsruw frvwv lqfuhdvh
wkh uhdo h{fkdqjh udwh yduldelolw| e| durxqg wzhqw| shufhqw dqg zh qg dq lpsolhg vwdqgdug
ghyldwlrq ri 3169 shufhqw1 Uhodwlyh wr wkh hpslulfdo gdwd/ wkh prgho vwloo suhglfwv uhdo h{fkdqjh
udwh yduldelolw| qhduo| dq rughu ri pdjqlwxgh ehorz rxu orzhvw hvwlpdwh iru wkh vdpsoh ri RHFG
frxqwulhv1 Qrwlfh dovr wkdw wkh shuvlvwhqfh ri wkh uhdo h{fkdqjh udwh ghfuhdvhv voljkwo| uhodwlyh wr wkh
iulfwlrqohvv hfrqrp|1 Wklv uhvxow/ zklfk lv gxh wr wkh odujhu uhdo h{fkdqjh udwh hhfwv ri jryhuqphqw
vshqglqj lq wkh hfrqrp| zlwk wudqvsruw frvwv/ xqghuolqhv rxu uhpdun deryh= Lqwurgxflqj wudgh
iulfwlrq lq wkh jrrgv pdunhw grhv qrw dxwrpdwlfdoo| ohdg wr kljkhu uhdo h{fkdqjh udwh shuvlvwhqfh1
Lq wkh uhpdlqlqj urzv ri Wdeoh 9 zh jr wkurxjk wkh vdph olvw ri dowhuqdwlyh h{shulphqwv wkdw
zhuh fduulhg rxw lq wkh suhylrxv vhfwlrq1 Wkh uhvxowv fdq eh vxppdul}hg dv iroorzv1 Iluvw/ fkdqjlqj
wkh vwhdg|0vwdwh vl}h ri wkh wudqvsruw vhfwru ohdyhv wkh uhdo h{fkdqjh udwh yrodwlolw| xqfkdqjhg1
Vhfrqgo|/ wkh odujhu lv wkh lpsruw vkduh/ wkh orzhu lv wkh uhdo h{fkdqjh udwh yrodwlolw|1 Wklv lv
h{sodlqhg pdlqo| e| wkh idfw wkdw zkhq wkh vwhdg|0vwdwh lpsruw vkduh lv lqfuhdvhg/ wkh furvv0
frxqwu| glhuhqfh lq suhihuhqfhv ehfrphv vpdoohu dqg wkxv wkh sxuh suhihuhqfh hhfw idoov1
Wklugo|/ li wkh hodvwlflw| ri vxevwlwxwlrq lq wkh wudqvsruw vhfwru lv yhu| orz/ wkh prgho lpsolhv d
vxevwdqwldoo| kljkhu uhdo h{fkdqjh udwh yduldelolw|1 Iru *> 'f  f zh qg wkdw wkh prgho suhglfwv
d vwdqgdug ghyldwlrq ri wkh uhdo h{fkdqjh udwh ri 4168 shufhqw ru 7 wlphv kljkhu wkdq lq wkh edvholqh
h{shulphqw1 Wklv hvwlpdwh lv vwloo zhoo ehorz wkh phgldq lq rxu vdpsoh ri RHFG frxqwulhv exw
jrhv txlwh d orqj zd| lq forvlqj wkh jds ehwzhhq wkhru| dqg gdwd1 Wkh Wdeoh dovr uhyhdov wkdw lw lv
pdlqo| wkh gluhfw wudqvsruw frvw hhfw wkdw h{sodlqv wkh kljk uhdo h{fkdqjh udwh yduldelolw| lq wklv
sdudphwhul}dwlrq1 Krzhyhu/ dv glvfxvvhg lq wkh suhylrxv vhfwlrq/ wklv fdvh lv xquhdolvwlf1 Zkhq zh
lqvwhdg xvh wkh ydoxh *> 'f  f2 vr wkdw zh pdwfk +uhodwlyh, rxwsxw yduldelolwlhv/ wkh vwdqgdug
ghyldwlrq ri wkh uhdo h{fkdqjh udwh lv 3184 shufhqw zklfk lv durxqg 83 shufhqw kljkhu wkdq lq wkh
4;edvholqh sdudphwhul}dwlrq exw pxfk orzhu wkdq lq wkh gdwd1
Lq vxppdu|/ iru uhdolvwlf sdudphwhu ydoxhv/ wkh lqwhuqdwlrqdo exvlqhvv f|foh prgho fdq h{sodlq
rqo| d iudfwlrq ri wkh revhuyhg uhdo h{fkdqjh udwh yrodwlolw|1 Ixuwkhupruh/ dqg udwkhu vxusulvlqjo|/
vlqfh wkh lqwurgxfwlrq ri wudqvsruw frvwv ohdgv wr d eljjhu uroh ri jryhuqphqw vshqglqj vkrfnv/
wkh uhdo h{fkdqjh udwh lv ohvv shuvlvwhqw lq wkh prgho zlwk wudqvsruw frvwv wkdq lq wkh prgho zlwk
iulfwlrqohvv wudgh1
814 Phdvxuhphqw
Wkh qdo lvvxh wkdw lv dgguhvvhg lv wkh phdvxuhphqw ri wkh sulfh lqglfhv1 Deryh zh xvhg wkh h{dfw
frqvxphu sulfh lqglfhv wr rewdlq wkh uhdo h{fkdqjh udwh1 Krzhyhu/ qdwlrqdo dffrxqwv vwdwlvwlfv
duh xvxdoo| edvhg rq {hg frpsrvlwlrqv ri frqvxpswlrq edvnhwv1 Wklv lpsolhv wkdw wkhuh duh
glhuhqfhv ehwzhhq wkh phdvxuhphqwv ri wkh edvnhwv ri jrrgv lq rxu wkhruhwlfdo prgho dqg wkh
qdwlrqdo dffrxqwv phdvxuhphqwv1 Lq rughu wr hydoxdwh zkhwkhu glhuhqfhv lq phdvxuhphqw duh
lpsruwdqw zh dovr uhsruw prphqwv iru wkh uhdo h{fkdqjh udwh edvhg rq wkh dowhuqdwlyh frqvxphu





















zkhuh zh xvh wkh vwhdg|0vwdwh vkduhv ri grphvwlf dqg iruhljq jrrgv dv wkh zhljkwv +l1h1/ zh dvvxph
wkdw b lv wkh vkduh ri grphvwlf jrrgv dqg E  b lv wkh vkduh ri iruhljq jrrgv,1 Wklv jlyhv xv wkh
iroorzlqj phdvxuh ri wkh +phdvxuhphqw huuru ulgghq, uhdo h{fkdqjh udwh=
e ^￿| '





d bnE b 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Fohduo|/ vlqfh wklv grhv qrw doorz frqvxphuv wr vxevwlwxwh/ lw zloo ohdg wr kljkhu yduldwlrqv lq
w k hu h d oh { f k d q j hu d w hw k d q+ 5 9 , 1
Wkh odvw froxpq ri Wdeoh 9 uhsruwv wkh prphqwv ri e ^￿|1 Phdvxuhphqw sureohpv duh fohduo|
lpsruwdqw1 Wkh uhvxowv lqglfdwh wkdw qhjohfwlqj vxevwlwxwlrq ohdgv wr dq doprvw dv elj lqfuhdvh lq
uhdo h{fkdqjh udwh yduldelolw| dv grhv wkh lqwurgxfwlrq ri wudqvsruw frvwv1 Iru wkh prgho zlwk qr
wudglqj iulfwlrq/ wkh vwdqgdug ghyldwlrq ri e ^￿| lv 3168 shufhqw dv frpsduhg wr 3163 shufhqw ri ^￿| iru
wklv vshflfdwlrq dqg 3169 shufhqw ri ^￿| zkhq wudqvsruw frvwv duh dgghg1 Zh qg wkdw uhodwlyh wr
wkh prphqwv ri ^￿| wkh vwdqgdug ghyldwlrq ri e ^￿| lv lq pdq| fdvhv pruh wkdq 63 shufhqw kljkhu1 Dw
wkh vdph wlph/ krzhyhu/ wkh lqwurgxfwlrq ri phdvxuhphqw huuruv grhv qrw uhvroyh wkh txdqwlwdwlyh
glhuhqfhv ehwzhhq wkhru| dqg gdwd1
Wkxv/ lq vxppdu|/ wkh glhuhqfh ehwzhhq wuxh frqvxphu sulfh lqglfhv dqg {hg zhljkw lqglfhv
kdv lpsruwdqw lpsolfdwlrqv iru wkh ehkdylru ri wkh uhdo h{fkdqjh udwh exw fdqqrw e| lwvhoi h{sodlq
zk| wkh uhodwlyh sulfh ohyhov ydu| pxfk ohvv lq wkh wkhruhwlfdo hfrqrp| wkdq lq wkh hpslulfdo gdwd1
4<9 Vxppdu| dqg Frqfoxvlrqv
Lq wklv sdshu zh kdyh txdqwlhg wkh lpsruwdqfh ri wudqvsruw frvwv lq dffrxqwlqj iru uhodwlyh sulfh
ehkdylru1 Lq rxu iudphzrun/ wkh wudqvsruw vhfwru surgxfhv wkh lpsruw jrrg zlwk lqsxwv ri iruhljq
h{sruwv dqg grphvwlf idfwruv ri surgxfwlrq1 Wklv doorzv iru  h{leoh wudqvsruw frvwv dqg ghyldwhv
iurp wkh vwdqgdug dvvxpswlrq ri lfhehuj wudqvsruw frvwv1
Wkh uvw lvvxh wkdw zh dgguhvvhg zdv zkhwkhu wudqvsruw frvwv fdq khos wr h{sodlq zkdw Edfnxv/
Nhkrh dqg N|godqg +4<<8, kdyh skudvhg wkh sulfh sx}}oh/ l1h1 wkh kljk hpslulfdo whupv ri wudgh
yrodwlolw| uhodwlyh wr wkh wkhru|1 Wkhuh duh wzr uhdvrqv zk| wudqvsruw frvwv pljkw eh lpsruwdqw1
Iluvw/ vxfk frvwv pdnh wudgh pruh frvwo| dqg ohdg wr d whqghqf| iru juhdwhu uhodwlyh sulfh dgmxvw0
phqwv1 Vhfrqgo|/ wudqvsruw frvwv lqwurgxfh d zhgjh ehwzhhq pdujlqdo udwhv ri vxevwlwxwlrq dqg
uhodwlyh sulfhv1 Zh gr qg dq lqfuhdvh lq uhodwlyh sulfh yduldelolw| exw wkh txdqwlwdwlyh hhfwv
duh vpdoo xqohvv wkh vxevwlwxwdelolw| ehwzhhq iruhljq h{sruwv dqg grphvwlf idfwru lqsxwv lq wkh
wudqvsruw vhfwru lv yhu| orz1 Lq wkdw fdvh/ zh qg wkdw wkh prgho fdq eh pdgh frqvlvwhqw zlwk wkh
hpslulfdoo| revhuyhg yduldelolw| ri wkh whupv ri wudgh1 Wklv vshflfdwlrq/ krzhyhu/ dovr lpsolhv d
frxqwhuidfwxdoo| yhu| kljk yduldelolw| ri ydoxh dgghg lq wkh wudqvsruw vhfwru dqg pd| eh glvfkdujhg
rq wklv edvlv1
Wkh h{lvwhqfh ri wudqvsruw frvwv dovr lpsolhv wkdw wkh Odz ri Rqh Sulfh lv ylrodwhg dqg wkdw
wkhuh pljkw eh odujhu yduldwlrq lq wkh uhdo h{fkdqjh udwh1 Zh irxqg wkdw wudqvsruw frvwv lqfuhdvh
wkh yduldelolw| ri wkh uhdo h{fkdqjh udwh e| rqo| durxqg 53 shufhqw uhodwlyh wr wkh prgho zkhuh uhdo
h{fkdqjh udwh pryhphqwv duh gxh rqo| wr furvv0frxqwu| suhihuhqfh khwhurjhqhlw|1 Wklv qglqj lv
vxusulvlqj lq wkh oljkw ri wkh dwwhqwlrq wkdw wudqvsruw frvwv kdyh dwwudfwhg lq h{sodlqlqj ghyldwlrqv
iurp 1 Wkxv/ frqwudu| wr srsxodu eholhi/ lqwurgxflqj wudqvsruw frvwv grhv qrw dxwrpdwlfdoo|
ohdg wr pxfk kljkhu uhdo h{fkdqjh udwh yduldelolw|1 Ixuwkhupruh/ dqg vxusulvlqjo|/ wkh uhdo h{fkdqjh
udwh shuvlvwhqfh ghfuhdvhv dv frpsduhg wr wkh iulfwlrqohvv hfrqrp|1 Wklv lv ehfdxvh ri wkh lqfuhdvhg
lpsruwdqfh ri pruh ghpdqg uhodwhg vkrfnv wkdw e| wkhpvhoyhv ohdg wr ohvv shuvlvwhqw  xfwxdwlrqv
lq uhodwlyh qdwlrqdo sulfh ohyhov wkdq whfkqrorj| vkrfnv1
Lw zrxog eh lqwhuhvwlqj wr dqdo|}h wkh lpsolfdwlrq ri wkh prgho zkhq rwkhu lpshuihfwlrqv/ vxfk
dv lpshuihfw frpshwlwlrq dqg sulfh uljlglwlhv/ duh dgghg rq wrs ri wkh sxuh wudgh iulfwlrq wkdw
zh kdyh dqdo|}hg1 Odskdp +4<<9, kdv dqdo|}hg wkh hhfwv ri lpshuihfw frpshwlwlrq dqg vwlfn|
sulfhv dqg vkh irxqg wkdw vxfk ihdwxuhv pljkw eh lpsruwdqw1 Khu dqdo|vlv/ krzhyhu/ lv edvhg rq
wkh suhvxpswlrq wkdw wkhuh duh qr jrrgv pdunhw duelwudjh rssruwxqlwlhv1 Wudqvsruw frvwv duh d
uhdvrq iru wkh sduwldo devhqfh ri jrrgv pdunhw duelwudjh dqg lq rxu vhwwlqj wklv iulfwlrq ydulhv ryhu
wkh exvlqhvv f|foh1 Wkxv/ sdlulqj wkh wzr prghov pljkw jlyh lqwhuhvwlqj qhz lqvljkwv1 Dqrwkhu
lqwhuhvwlqj h{whqvlrq lv wr doorz iru dq hqgrjhqrxv ghwhuplqdwlrq ri wkh vwuxfwxuh ri wudgh dqg wkh
furvv frxqwu| vshfldol}dwlrq1 Wudqvsruw frvwv fdq jlyh ulvh wr wkh h{lvwhqfh ri qrq0wudghg jrrgv
dqg vkrfnv wr wkh hfrqrp| zrxog ohdg wr fkdqjhv lq wkh vwuxfwxuh ri wudgh dqg wkxv/ suhvxpdeo|/
wr odujhu whupv ri wudgh yduldwlrqv1
53: Uhihuhqfhv
Duplqjwrq/ S1/ 4<9</ D Wkhru| ri Ghpdqg iru Surgxfwv Glvwlqjxlvkhg e| Sodfh ri Surgxfwlrq/
LPI Vwd Sdshuv/ 5:/ 7;;08591
Duylqlwlv/ Dwkdqdvlrv Y1/ dqg Dqqh Plnnrod/ 4<<9/ Dvvhw Pdunhw Vwuxfwxuh dqg Lqwhuqdwlrqdo
Wudgh G|qdplfv/ Dphulfdq Hfrqrplf Uhylhz/ yro1;9 qr15 +Sdshuv dqg Surfhhglqjv,/ 9:0:31
Edfnxv/ Gdylg N1/ Sdwulfn M1 Nhkrh dqg Ilqq H1 N|godqg/ 4<<5/ Lqwhuqdwlrqdo Uhdo Exvlqhvv
F|fohv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1434/ :780::81
Edfnxv/ Gdylg N1/ Sdwulfn M1 Nhkrh dqg Ilqq H1 N|godqg/ 4<<7/ G|qdplfv ri wkh Wudgh Edodqfh
dqg wkh Whupv ri Wudgh= Wkh M0FxuyhB/ Dphulfdq Hfrqrplf Uhylhz/ yro1;7/ ;704361
Edfnxv/ Gdylg N1/ Sdwulfn M1 Nhkrh dqg Ilqq H1 N|godqg/ 4<<8/ Lqwhuqdwlrqdo Exvlqhvv F|fohv=
Wkhru| dqg Hylghqfh/ Fkdswhu 44 lq Wkrpdv I1 Frroh| +hg1,/ Iurqwlhuv ri Exvlqhvv F|foh
Uhvhdufk/ Sulqfhwrq/ Qhz Mhuvh|= Sulqfhwrq Xqlyhuvlw| Suhvv1
Fhjorzvnl/ M1/ 4<<7/ Wkh Odz ri Rqh Sulfh Uhylvlwhg 0 Qhz Hylghqfh rq wkh Ehkdylrxu ri Lqwhu0
qdwlrqdo Sulfhv/ Hfrqrplf Lqtxlu|/ yro165/ qr16/ 73:04;1
Fuxflql/ Pdulr M1/ 4<<:/ Lqwhuqdwlrqdo Frpryhphqw= Lv Wkhru| Uhdoo| Dkhdg ri Lqwhuqdwlrqdo
Exvlqhvv F|foh PhdvxuhphqwB/ pdqxvflsw/ Rklr Vwdwh Xqlyhuvlw|1
Fxpe|/ Urehuw H1/ dqg Pdxulfh Revwihog/ 4<;7/ Lqwhuqdwlrqdo Lqwhuhvw Udwhv dqg Sulfh Ohyho
Olqndjhv xqghu Ioh{leoh H{fkdqjh Udwhv= D Uhylhz ri Uhfhqw Hylghqfh/ lq Mrkq I1R1 Elovrq
dqg Ulfkdug F1 Pduvwrq +hgv1,/ H{fkdqjh Udwh Wkhru| dqg Sudfwlfh/ Fklfdjr= Fklfdjr
Xqlyhuvlw| Suhvv1
Ghyhuhx{/ Plfkdho E1/ 4<<:/ Uhdo H{fkdqjh Udwhv dqg Pdfurhfrqrplfv= Hylghqfh dqg Wkhru|/
Fdqdgldq Mrxuqdo ri Hfrqrplfv/ yro163/ qr17D/ ::60;3;1
Gxpdv/ Ehuqdug/ 4<<5/ G|qdplf Htxloleulxp dqg wkh Uhdo H{fkdqjh Udwh lq d Vsdwldoo| Vhsd0
udwhg Zruog/ Uhylhz ri Ilqdqfldo Vwxglhv/ yro18 qr15/ 4860;31
Hqjho/ Fkduohv/ 4<<6/ Uhdo H{fkdqjh Udwhv dqg Uhodwlyh Sulfhv= Dq Hpslulfdo Lqyhvwljdwlrq/
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro165/ 680831
Hqjho/ Fkduohv/ dqg M1K1 Urjhuv/ 4<<9/ Krz Zlgh lv wkh ErughuB/ Dphulfdq Hfrqrplf Uhylhz/
yro1;9/ qr18/ 44450581
Ihhqvwud/ Urehuw F1/ 4<;</ V|pphwulf Sdvv0Wkurxjk ri Wdulv dqg H{fkdqjh Udwhv xqghu Lp0
shuihfw Frpshwlwlrq= Dq Hpslulfdo Whvw/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ yro15:/ qr1405/
580781
Iuhqnho/ Mdfre D1/ 4<;4/ Wkh Froodsvh ri Sxufkdvlqj Srzhu Sdulwlhv Gxulqj wkh 4<:3*v/ Hxurshdq
Hfrqrplf Uhylhz/y r o 1 4 9 /4 7 8 0 9 8 1
Iurrw/ Nhqqhwk D1/ dqg Nhqqhwk Urjr/ 4<<8/ Shuvshfwlyhv rq Sxufkdvlqj Srzhu Sdulw| dqg
Orqj0Uxq Uhdo H{fkdqjh Udwhv/ lq= Jhqh P1 Jurvvpdq dqg Nhqqhwk Urjr +hgv1,/ Kdqgerrn
ri Lqwhuqdwlrqdo Hfrqrplfv/ yro16/ Dpvwhugdp= Qruwk0Kroodqg Sxeolvkhuv1
Jhqehuj/ Kdqv/ 4<:;/ Sxufkdvlqj Srzhu Sdulw| xqghu Il{hg dqg Ioh{leoh H{fkdqjh Udwhv/
Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ yro1; +Pd|,/ 56:0:91
54Jrogehuj/ S1N1/ dqg Plfkdho P1 Nqhwwhu/ 4<<:/ Jrrgv Sulfhv dqg H{fkdqjh Udwhv= Zkdw Kdyh
Zh OhduqhgB/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ yro168/ qr16/ 45760:51
Lvdug/ Shwhu/ 4<::/ Krz Idu Fdq Zh Sxvk Wkh Odz ri Rqh SulfhB/ Dphulfdq Hfrqrplf
Uhylhz/ yro19: +Ghfhpehu,/ <7507;1
Nudylv/ Luylqj E1/ dqg Urehuw H1 Olsvh|/ 4<:;/ Sulfh Ehkdylrxu lq wkh Oljkw ri Edodqfh ri Sd|0
phqwv Wkhrulhv/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ yro1; +Pd|,/ 4<605791
Nuxjpdq/ Sdxo U1/ dqg Pdxulfh Revwihog/ 4<<4/ Lqwhuqdwlrqdo Hfrqrplfv= Wkhru| dqg
Srolf|/ 51qg Hglwlrq/ Qhz \run= Kdushu Froolqv1
Nuxjpdq/ Sdxo U1/ dqg Dqwkrq| M1 Yhqdeohv/ 4<<8/ Joredol}dwlrq dqg wkh Lqhtxdolw| ri Qdwlrqv/
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1443/ qr17/ ;8:0;31
Odskdp/ Ehyhuo| M1/ 4<<8/ D G|qdplf Jhqhudo Htxloleulxp Dqdo|vlv ri Ghyldwlrqv iurp wkh Odz
ri Rqh Sulfh/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ yro14</ qr1;/ 4688046;<1
PfForvnh|/ Grqdog P1/ dqg M1 Ulfkdug ]hfkhu/ 4<;7/ Wkh Vxffhvv ri SSS/ lq P1G1 Erugr
dqg D1M1 Vfkzduw} +hgv1,/ D Uhwurvshfwlyh rq wkh Fodvvlfdo Jrog Vwdqgdug/ 4;5404<64/
Fklfdjr= Fklfdjr Xqlyhuvlw| Suhvv1
Plfkdho/ Sdqrv/ D1 Urehuw Qred|/ dqg Gdylg D1 Shho/ 4<<:/ Wudqvdfwlrqv Frvwv dqg Qrqolqhdu
Dgmxvwphqwv lq Uhdo H{fkdqjh Udwhv= Dq Hpslulfdo Lqyhvwljdwlrq/ Mrxuqdo ri Srolwlfdo Hfrqrp|/
Yro1438 +7,/ ;950:<1
Revwihog/ Pdxulfh/ dqg Nhqqhwk Urjr/ 4<<91 Irxqgdwlrqv ri Lqwhuqdwlrqdo Pdfurhfr0
qrplfv1P L WS u h v v 1
Udyq/ Pruwhq R1/ 4<<:/ Lqwhuqdwlrqdo Exvlqhvv F|fohv lq Wkhru| dqg lq Sudfwlvh/ Mrxuqdo ri
Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ yro1 49/ qr15/ 5880;61
Udyq/ Pruwhq R1 dqg Kdudog Xkolj/ 4<<:/ Rq Dgmxvwlqj wkh KS0Ilowhu iru wkh Iuhtxhqf| ri
Revhuydwlrqv/ FhqwHU Glvfxvvlrq Sdshu qr1<:831
Urjr/ Nhqqhwk/ 4<<9/ Wkh Sxufkdvlqj Srzhu Sdulw|/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ yro167/
qr15/ 97:09;1
Yhqdeohv/ Dqwkrq| M1/ 4<<9/ Htxloleulxp Orfdwlrqv ri Yhuwlfdoo| Olqnhg Lqgxvwulhv/ Lqwhuqdwlrqdo
Hfrqrplf Uhylhz/ yro16:/ qr15/ 67408<1
55; Dsshqgl{= Vwhdg| Vwdwh Dqdo|vlv
Lq wklv Dsshqgl{ zh zloo vkrz krz wkh vwhdg| vwdwh ri wkh hfrqrp| lv ghulyhg1 Zh frpsxwh wkh frpshwlwlyh
htxloleulxp xvlqj wkh Qhjlvkl0Pdqwho dojrulwkp iurp wkh vrfldo sodqqhuv sureohp1 Jlyhq zhoiduh zhljkwv l￿ wkh
vrfldo sodqqhu vroyhv wkh iroorzlqj sureohp=

































































wdnlqj wkh surfhvvhv iru whfkqrorj| dqg jryhuqphqw vshqglqj iru h{rjhqrxv1
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zkhuh b￿| lv wkh Odjudqjh pxowlsolhu rq +6,/ ￿| lv wkh pxowlsolhu dvvrfldwhg zlwk +64,/ )
+
| lv wkh pxowlsolhu rq +66,/
dqg )|o
| wkh pxowlsolhu rq +67,1
Wr ghulyh wkh vwhdg| vwdwh ri wkh hfrqrp| zh lpsrvh wkh iroorzlqj frqglwlrqv1 Iluvw/ zh dvvxph wkdw wkh wzr
frxqwulhv kdyh lghqwlfdo vwhdg| vwdwhv +wklv lpsolhv wkdw l￿ 'l 2zklfk zh qrupdol}h wr xqlw|,1 Vhfrqgo|/ zh
dvvxph wkdw dorqj wkh vwhdg| vwdwh sdwk T￿ ' +￿1 Wklugo|/ zh dvvxph wkdw lpsruwv htxdo h{sruwv dorqj wkh vwhdg|
vwdwh sdwk +6￿ ' %￿’￿,1 Ilqdoo|/ zh dvvxph wkdw wkhuh duh qr fdslwdo dgmxvwphqw frvwv dorqj wkh vwhdg| vwdwh sdwk1
Xvlqj wkh v|pphwu| dvvxpswlrq/ frpelqlqj +6;, dqg +6<,/ dqg xvlqj wkdw _￿ 'E  r+ ￿/% ￿' r+ ￿/
dqg wkdw T￿ ' +￿c zh jhw wkdw=
/￿ '
Z￿ E  r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Iurp +68, dqg +69,/ dqg ￿*b￿ ' /￿ E  r
34 +iurp wr +6;,, zh jhw wkdw=
w '














Xvlqj wkh dvvxpswlrq ri devhqfh ri fdslwdo dgmxvwphqw frvwv dorqj wkh vwhdg| vwdwh sdwk/ lw iroorzv iurp +73,
dqg +74, wkdw )
+
￿ ' )|o
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E  Z￿ +7<,
57< Wdeohv dqg Iljxuhv
Wdeoh 41 Prphqwv ri Whupv ri Wudgh dqg Uhdo H{fkdqjh Udwhv
Whupv ri Wudgh Uhdo H{fkdqjh Udwhv
rE|| rE+ rE?% @E|| SE||c+ SE||c?% rER￿ @ER￿ rER2 @ER2
DXV 9157 417: 4145 31:9 0314: 313< 81:5 31:4 <165 31:9
FDQ 51<5 419; 31:9 31;9 03147 03136 51:9 31;8 <1;7 31;4
IUD 6175 31<; 31;7 31:8 0314< 0317< ;18< 31;3 618< 31:9
JHU 5194 417< 31:: 31;5 03139 03139 ;19< 31:9 0 0
LWD 6169 419; 4157 31:7 3173 0319; :1;9 31:< 6199 3178
MDS 91<; 4164 31<6 31;: 03154 03188 ;1<5 31;4 9194 31:6
VZL 51:9 41<4 4163 31;< 3174 03193 <159 31:7 6196 3193
XN 6137 41:: 4155 31;3 3144 0318: ;15< 31;4 9175 31:8
XV 6177 41;7 317; 31;4 0314: 3148 0 0 ;19< 31:9
Gdwd vrxufh= RHFG qdwlrqdo dffrxqwv1 Wkh vdpsoh shulrg lv 4<:304<<5 dqg wkh gdwd duh txduwhuo|1 Whupv ri wudgh
E|| duh frpsxwhg dv wkh lpsolflw lpsruwv gh dwru glylghg e| wkh lpsolflw h{sruwv gh dwru/ dqg qhw h{sruwv E?% dv
h{sruwv plqxv lpsruwv glylghg e| rxwsxw/ doo lq fxuuhqw sulfhv1 Wkh uhdo h{fkdqjh udwh R￿ lv gh￿qhg djdlqvw wkh XV
gh￿qhg dv wkh qrplqdo h{fkdqjh udwh wlphv wkh udwlr ri lpsolflw frqvxpswlrq gh dwruv1 R2 lv gh￿qhg htxlydohqwo|
djdlqvw Jhupdq|1 Doo gdwd duh ghwuhqghg xvlqj wkh Krgulfn0Suhvfrww ￿owhu1 v+{, ghqrwhv wkh vwdqgdug ghyldwlrq ri
{/ dx+{, wkh ￿uvw0rughu dxwrfruuhodwlrq/ dqg f+{/|, lv wkh fruuhodwlrq ri { dqg |1 + ghqrwhv uhdo JGS1














rEe + rEe +|o
Dxvwudold 919 ;17 :19 71< 61; 414: 4183
Ehojlxp ;17 :1; 0 617 619 4148 6153
Fdqdgd 914 <16 :17 813 618 417: 41<9
Ghqpdun ;18 4413 :13 916 71: 4156 51<7
Ilqodqg :19 :18 91< 817 818 4183 5158
Jhupdq| 81: :18 81: 816 714 4176 41;9
Juhdw Eu1 91< 4318 915 816 618 417; 41;6
Mdsdq 917 616 81: 417 51; 41:: 41;<
Qruzd| 431: 571: 4317 4319 718 4177 515;
Vzhghq 916 ;16 :14 81< 718 4134 51;6
XVD 81; 91; 717 815 715 4199 5168
Phdq :15 <19 91; 815 714 416< 5159
Vrxufh= Wkh RHFG Lqwhuvhfwruldo Gdwd Edvh1 Revhuydwlrqv duh dqqxdo1 Vdpsoh shulrgv= Dxvwudold 4<9<0;8/ Ehojlxp
4<:30;8/ Fdqdgd 4<940;8/ Jhupdq| dqg Ilqodqg 4<930;8/ Ghqpdun 4<990;8/ Juhdw Eulwdlq 4<:60;9/ Lwdo| dqg wkh
Qhwkhuodqgv 4<:30;8/ Mdsdq 4<:30;9/ Qruzd| 4<950;9/ Vzhghq 4<:30;9/ XV 4<930;91 Vxshuvfulsw ￿wuv￿ ghqrwhv
wudqvsruw vhfwru yduldeohv> yduldeohv zlwkrxw vxshuvfulswv duh djjuhjdwh hfrqrp| yduldeohv1 | lv uhdo JGS/ n2| lv
wkh fdslwdo0rxwsxw udwlr/ dqg H lv hpsor|phqw1 v+|, +v+||or,, lv wkh shufhqwdjh vwdqgdug ghyldwlrq ri KS0￿owhuhg
wrwdo rxwsxw +wudqvsruw vhfwru rxwsxw,1
58Wdeoh 61 Fdoleudwlrq
Frpprq Sdudphwhuv +edvholqh sdudphwhul}dwlrq,
?+n?|o
A 'f  f w 'f  2S. q 'f  bb j '2
/ ￿'f  .bS /2 'f  eeS *4 '  D 6 r'f  2
? |o*?+ 'f  f. k 'f  Se *> 'f   B'f  f2D
r} 'f  2f V} 'f  bD jv 'f  f2 SJoEv￿cv 2'f
V ￿'f  bfS V2 'f  fHH j" 'f  fHD2 SJoE"￿c" 2'f  2D
Wdeoh 7v dqg 9=  '
U r z+ 6 , U r z+ 7 , U r z+ 8 , U r z+ 9 ,
j v'f ? |o*?+ 'f  fS ?|o*?+ 'f  S *> 'f  f
Urz +:, Urz +;,
6r 'f   *4 'f  D
Wdeoh 8=  'f  D.c& +*&|o 'f  fbH
U r z+ 6 , U r z+ 7 , U r z+ 8 , U r z+ 9 ,
j v'f ? |o*?+ 'f  fS ?|o*?+ 'f  S *> 'f  f
U r z+ : , U r z+ ; , U r z+ < ,
 *> 'f  f2 6r 'f   *4 'f  D
Wdeoh 71 Prphqwv ri wkh Hfrqrp| zlwk Oderu Rqo| lq Wudqvsruwv
Prphqw
Sdudphwhul}dwlrq rE+ rER rE?%*+ @ER SJoERc+ SJoERc?%*+
+4, Qr Wudqvsruw 415< 318< 317: 31;3 317: 03145
Frvwv +314:, +313;, +3139, +3138, +3147, +3146,
+5, Edvholqh 4158 3198 316; 31:; 3179 0314<
+3149, +313<, +3138, +3139, +3147, +3147,
+6, Rqo| Whfkqrorj| 4157 318: 3167 31;4 3189 03183
Vkrfnv +3149, +313<, +3137, +3138, +3145, +3139,
+7, Uhdolvwlf Wudqvsruw 415: 3195 3175 31:< 317: 03149
Vhfwru +3149, +313<, +3138, +3139, +3147, +3146,
+8, Odujh Wudqvsruw 4156 319: 3167 31:: 317: 03155
Vhfwru +3149, +313<, +3137, +3139, +3147, +3147,
+9, Orz Wudqvsruw 415: 418: 318: 319; 3135 031:8
Vhfwru Hodvwlflw| +3149, +3153, +313;, +313:, +314:, +313:,
+:, Pdwfklqj Wudqvs1 4158 31:< 3175 31:6 3169 03173
Vhfwru Yduldelolw| +3149, +3143, +3138, +3139, +3148, +3145,
+;, Odujh Lpsruw 4156 31:5 319< 31:< 3188 03166
Vkduh +3149, +3143, +313;, +3138, +3146, +3144,
+<, Vpdoo Duplqjwrq 414: 413; 3179 31:7 3177 03199
Hodvwlflw| +3148, +3147, +3139, +3139, +3147, +313;,
Qrwh= Qxpehuv lq sduhqwkhvhv duh vwdqgdug ghyldwlrqv ri wkh prphqwv1 Wkh qxpehuv duh dyhudjh prphqwv ri
KS0￿owhuhg yduldeohv frpsxwhg iurp 433 vlpxodwlrqv ri wkh prgho hdfk iru d ohqjwk ri 433 shulrgv1
59Wdeoh 81 Prphqwv Iurp wkh Jhqhudo Prgho
Prphqw
Sdudphwhul}dwlrq rE+ rER rE?%*+ @ER SJoERc+ SJoERc?%*+
+4, Qr Wudqvsruw 415< 318< 317: 31;3 317: 03145
Frvwv +314:, +313;, +3139, +3138, +3147, +3146,
+5, Edvholqh 4157 31:4 3157 31:5 317: 03164
+3148, +3145, +3136, +313;, +3147, +3145,
+6, Rqo| Whfkqrorj| 4155 3195 3154 31:6 3193 031:4
Vkrfnv +3149, +3144, +3136, +313:, +3144, +3139,
+7, Uhdolvwlf Wudqvsruw 415: 3199 3163 31:7 317: 03156
Vhfwru +3149, +3144, +3137, +313:, +3147, +3144,
+8, Odujh Wudqvsruw 4154 31:9 3153 31:4 3179 0316<
Vhfwru +3148, +3145, +3136, +313;, +3147, +3145,
+9, Orz Wudqvsruw 4153 31;3 3159 31:3 3195 03184
Vhfwru Hodvwlflw| +3148, +3146, +3136, +313;, +3144, +3143,
+:, Odujh Lpsruw 4155 31:9 3173 31:4 3186 0317:
Vkduh +3148, +3145, +3138, +313;, +3145, +3143,
+;, Vpdoo Duplqjwrq 414< 4146 316< 319< 3175 031:8
Hodvwlflw| +3148, +314;, +3138, +313;, +3147, +3139,
Vhh qrwhv wr Wdeoh 71
Wdeoh 91 Prphqwv ri Uhdo H{fkdqjh Udwhv
Prphqw






+4, Qr Wudqvsruw 3 3163 3163 31;3 3168
Frvwv 3 +3138, +3138, +3139, +3138,
+5, Edvholqh Prgho 3165 314: 3169 31:< 3183
+3137, +3135, +3138, +3138, +313:,
+6, Rqo| Whfkqrorj| 3164 314: 3164 31;6 3177
Vkrfnv +3137, +3135, +3138, +3138, +313:,
+7, Uhdolvwlf Wudqvsruw 314: 313< 3169 31:< 3176
Vhfwru +3135, +3134, +3138, +3138, +3139,
+8, Odujh Wudqvsruw 3177 3157 3169 31:< 318:
Vhfwru +3138, +3136, +3138, +3139, +313;,
+9, Orz Wudqvsruw 3169 415; 4168 3199 4176
Vhfwru Hodvwlflw| +3137, +3149, +314<, +313:, +314<,
+:, Pdwfklqj Wudqvs1 3166 316: 3184 31:6 3197
Vhfwru Yduldelolw| +3137, +3138, +313:, +3139, +313<,
+;, Odujh Lpsruw 3155 3145 3159 31;4 316:
Vkduh +3136, +3134, +3137, +3138, +3138,
+<, Vpdoo Duplqjwrq 3165 3153 3195 31:8 31;7
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Figure 1. Impulse Responses
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Figure 2.
Effects of Substitution in Transports
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Effects of Substitution in Transports
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Figure 3. Importance of Capital Share
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Figure 4. Real Exchange Rate Dynamics
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q - no transp. costs
64